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ORIGINAL ARTICLE 

Air Pollution, Lung Function, and Physical Symptoms in 
Communities Near Concentrated Swine Feeding 

Operations 
Leah Schinasi, a Rachel Avery Horton, a Virginia T Guidry, a Steve Wing, a Stephen W Marshall, a 

and Kimberly B. Morland' 

Background: Concentrated animal feeding operations emit air pol
lutants that may affect health. We examined associations of reported 
hog odor and of monitored air pollutants with physical symptoms 
and lung function in people living within 1.5 miles of hog opera
tions. 
Methods: Between September 2003 and September 2005, we mea
sured hydrogen sulfide (H2S), endotoxin, and particulate matter 
(PM 10 , PM25 , and PM25 _ 10 ) for approximately 2-week periods in 
each of 16 eastern North Carolina communities. During the same 
time periods, 101 adults sat outside their homes twice a day for 10 
minutes, reported hog odor and physical symptoms, and measured 
their lung function. Conditional fixed-effects logistic and linear 
regression models were used to derive estimates of associations. 
Results: The log odds (ffi 1 standard error) of acute eye irritation 
following 10 minutes outdoors increased by 0.53 (ffi0.06) for every 
unit increase in odor, by 0.15 (ffi0.06) per 1 ppb ofH2S, and by 0.36 
(ffi0.11) per 10 ffig/m3 of PM 10 . Odor and H2S were also associated 
with irritation and respiratory symptoms in the previous 12 hours. 
The log odds of difficulty breathing increased by 0.50 (ffi0.15) per 
unit of odor. A 10 ffig/m3 increase in mean 12-hour PM25 was 
associated with increased log odds of wheezing (0.84 ffi 0.29) and 
declines in forced expiratory volume in 1 second (ffl0.04 ffi 0.02 L). 
A 10 EU/mg increase in endotoxin was associated with increased 
log odds of sore throat (0.10 ffi 0.05), chest tightness (0.09 ffi 0.04), 
and nausea (0.10 ffi 0.05). 
Conclusions: Pollutants measured near hog operations are related 
to acute physical symptoms in a longitudinal study using analyses 
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that preclude confounding by time-invariant characteristics of 
individuals. 

(Epidemiology 2011;22: 208-215) 

Concentrated animal feeding operations contribute to local, 
regional, and global air pollution.1 Pollutants of local im

portance include odor,2•3 hydrogen sulfide (H2S),4 endotoxin,5 
particulate matter (PM),6•7 and ammonia (NH3). 8•9 

Several cross-sectional studies have examined the 
health of people living near concentrated hog operations on 
the basis of residential proximity to classify exposure. In a 
population-based survey, neighbors of hog operations re
ported more episodes of headache, runny nose, sore throat, 
coughing, diarrhea, and burning eyes compared with demo
graphically similar persons who did not live near a hog 
operation. 10 Among children, indicators of asthma have been 
related to measures of residential 11 and school 12•13 exposures 
to pollution from hog operations. In an area of Germany with 
a high density of concentrated animal feeding operations, 
reported odor annoyance was associated with prevalence of 
wheeze without a cold, and physician-diagnosed asthma and 
allergic rhinitis. Additionally, the number of operations 
within 500 meters of participants' homes was associated with 
increased odds of wheezing without a cold, and with diminished 
lung function. 14 These symptoms overlap with conditions re
ported in studies of occupational exposures of animal-confine
ment-house workers, including decreased lung function, 15- 17 

chronic cough, 17 excess phlegm production, chest tightness, 18 

scratchy throat, eyes and mucous membrane irritation, shortness 
ofbreath,16 and wheezing. 18 

Community Health Effects of Industrial Hog Opera
tions was a longitudinal, community-driven, participatory 
study of air pollution, health, and quality of life among 
persons living near hog operations. We have previously 
described associations between air pollution and hog odor, 19 

air pollution and measures of stress and negative mood, 20 and 
factors associated with data quality and completeness. 21 Here 
we report relationships between measures of air pollution, 
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symptoms, and lung function, focusing on physical symptoms 
that have been of interest in cross-sectional studies. 22 

METHODS 
Between September 2003 and September 2005, residents 

of 16 eastern North Carolina communities collected health data 
for approximately 2 weeks while pollutant concentrations were 
monitored continuously. Communities participated sequentially 
using the same set of air-monitoring devices. 

Nonsmoking volunteers aged at least 18 years residing 
within 1.5 miles of at least one hog operation were recruited 
through community-based organizations. The lead commu
nity organization for this study was the Concerned Citizens of 
Tillery. 23 Participants attended a 3-hour training session at 
which they gave informed consent and practiced completing 
all data-collection activities. The study design has been de
scribed in detail elsewhere. 23 

The Institutional Review Board of the University of 
North Carolina at Chapel Hill reviewed and approved study 
activities annually. 

Exposure Variables 

Odor 
Participants spent l O minutes outdoors at preselected 

morning and evening times approximately 12 hours apart. 
While outside, they rated, on a scale of O (none) to 8 (very 
strong), the strength of the hog odor they recalled having 
smelled during each of the 12 preceding hours. Participants 
then returned indoors and rated hog odor present during the 
10 minutes outside on the same 9-point scale. 

We analyzed 2 hog odor variables. Twelve-hour mean 
odor is the average of the hourly odor levels reported for each 
of the 12 hours before the morning or evening data collection 
time. Twice-daily odor is the odor during the 10 minutes 
outdoors. 

Air Monitoring 
Continuous air pollution monitors, mounted on a trailer 

that was centrally located in each community, recorded con
centrations of hydrogen sulfide (H2S), semi-volatile particu
late matter less than 10 micrometers in diameter (semivolatile 
PM10), particulate matter less than 10 micrometers in diam
eter that excluded the volatile fraction (PM10), coarse PM 
(PM25_ 10 ), fine PM (PM25 ), and endotoxin. An MDA Sci
entific Single Point Monitor (Honeywell Analytics Inc North 
America, Lincolnshire, IL) recorded H2S concentrations ev
ery 15 minutes in parts per billion (ppb). Hourly concentra
tions of PM10 and semivolatile PM10 were measured in 
micrograms per cubic meter (ffig/m3), using a Tapered Ele
ment Oscillating Microbalance Series 1400a Ambient Partic
ulate Monitor with a Series 8500 Filter Dynamics Measure
ment System (Thenno Fisher Scientific, Waltham, MA). In 
the first 12 of 16 c01mnunities, a Dichotomous Partisol-Plus 
2025-D Sequential Air Sampler (Thenno Fisher Scientific, 
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Waltham, MA) was used to collect 12-hour samples of 
PM25_ 10 and PM25 (ffg/m3 ) on filters that were assayed for 
endotoxin in endotoxin units per milligram (EU/mg). Endo
toxin levels from PM2 5_ 10 filters were quantified by kinetic 
chromogenic Limulus amebocyte lysate assay24•25 ; PM25_ 10 

filters contained approximately 60% of the endotoxin in the 
PM10 . 

We calculated the mean concentrations ofH2S, PM10, and 
semivolatile PM10 in the 1- and 12-hour periods that preceded 
the time at which participants sat outdoors for l O minutes. 
Concentrations of PM25 , PM25_ 10 , and endotoxin were mea
sured on 12-hour filters that typically did not correspond to 
exposure periods of interest. Thus, we estimated these exposures 
with a time-weighted average of the concentrations from filters 
exposed during the 12 hours prior to sitting outdoors. All 
exposure variables were coded continuously. 

Outcome Variables 
Given the short follow-up and focus on transient expo

sures, we analyzed symptoms that could appear and resolve 
during follow-up. 

Physical Symptoms 
After sitting outside their homes for 10 minutes and 

then returning inside, participants noted whether they expe
rienced cough or irritation of the skin, eyes, nose, or throat 
while outside (Table l). Symptoms of acute irritation, re
ported as present or absent, were analyzed in relation to odor 
levels reported for the same 10 minutes and in relation to 
averages of PM and H2S in the hour prior to the time 
participants returned indoors. After returning indoors, partic
ipants rated the extent to which they experienced any of 19 
acute physical symptoms in the preceding 12 hours on a scale 
of O (not at all) to 8 (extreme). 

We considered the following 12-hour symptoms: respira
tory (runny nose, mucus or phlegm, sore throat, cough, wheez
ing, difficulty breathing, chest tightness), irritation (burning 
eyes, itching eyes, nasal), gastrointestinal (nausea, diarrhea, poor 
appetite), neurologic (headache, dizziness), and other (aching 
joints, difficulty hearing, fever, and backache). Reports of most 
physical symptoms were uncommon, so we dichotomized them 
as absent versus present based on the distribution of responses 
for each symptom such that at least 85% of responses were 
coded as O and no more than 15% were coded as l. Rrumy nose, 
mucus or phlegm, headache, cough, burning eyes, aching joints, 
nasal irritation, and itching eyes were dichotomized such that a 
response of O or 1 on the original scale was coded as O and a 
response of 2-8 was coded as 1. For the remaining symptoms, 
a response of O on the original scale was coded as O and 1-8 was 
coded as 1. 

Lung Function 
Participants used an AirW atch personal respiratory 

monitor (iMetrikus, Inc., Smmyvale, CA) to measure forced 
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TABLE 1. Characteristics of Communities (n J 16) and 
Study Participants (n J 101) 

Characteristic No. 

Concentrated swine feeding operations within 2 miles of community 

Median 9 

Range 

Permitted no. hogs (in thousands) within 2 miles of community 

Median 

Range 

Diary entries per participant 

Median 

Range' 

Race and sex 

Black women 

Black men 

Nonblack women 

Nonblack men 

Exposed to passive smokingb 

Chronic respiratory disease' 

Emphysema<l 

Asthma' 

Chronic bronchitis' 

Asthma and chronic bronchitis 

Hay fever allerg/ 

Dust, animal, or food allergl 

Grew up around livestockg 

asome participated for more than 2 weeks. 
bEligible participants were nonsmokers. 

1-16 

42 

4--77 

28 

7-46 

57 

28 

9 

7 

5 

0 

5 

3 

4 

34 

30 

76 

cBased on participant report of diagnosis by a physician at any point in his or 
her life. 

ctNumber missing _1 9. 
eNumber missing _1 10. 
fNumber missing _1 8. 
gNumber missing ~ 3. 

expiratory volume in the first second (FEV 1) and peak expi
ratory flow rate (PEF) during each data collection session. 
The AirWatch internally recorded each of 3 attempts and 
flagged any that were made with problematic technique. The 
highest error-free FEV1 and PEF measurements from each 
session (sometimes there were none) were included in the 
analysis as continuous outcome variables. 

Statistical Analyses 
In this longitudinal study of transient exposures and 

outcomes, each participant served as her or his own control. 
The analytic goal was to make valid within-participant com
parisons to determine whether increases in air pollutant con
centrations or odor ratings were associated with physical 
symptoms and lung function. Estimates of associations were 
constructed using conditional fixed-effects linear and logistic 
regression models. In these models, the within-person corre
lation due to repeated measures is accounted for by treating 
each person as a stratum within the model.26 This approach 
has good control of measured and unmeasured time-invariant 
individual level confounders. These models account for the 

210 I www .epidem.com 

& 

Epidemiology • Volume 22, Number 2, March 2011 

longitudinal nature of the data by modeling differences be
tween individuals' time-specific characteristics and their 
mean value over the entire period of follow-up. 

Time of day was integral to the study design because 
community members collected data at morning and evening 
times that were approximately 12 hours apart. Physical symp
toms, lung function, and hog odors exhibit diurnal varia
tion, 19 and thus we made an a priori decision to adjust for 
potential confounding due to time of day by including a term 
for morning versus evening in all models. There was little 
variance in community effects; therefore we did not include 
the community level in our models. 

Because of the large number of exposure and outcome 
variables, we did not restrict analyses to participant records 
with complete data for all variables. Each analysis excludes 
only those observations that were missing data for the expo
sure and outcome being analyzed. 

RESULTS 
There was a median of 9 hog operations within 2 miles 

of participating conununities, and the median number of hogs 
within that radius was approximately 42,000 (Table l). Study 
participants ranged in age from 19 to 90; their mean age was 
53. Over half of participants were women, and most partici
pants described themselves as black. Overall, the study pop
ulation was healthy, with zero participants reporting emphy
sema and 12 reporting asthma or chronic bronchitis (Table 
l). The participants provided 2949 journal entries. There 
were approximately 2600 responses about irritation symp
toms following the 10-minutes outdoors, 2900 responses 
about physical symptoms experienced in the last 12 hours, 
and 1900 error-free measurements of lung function 
(eAppendix 1, http://links.lww.com/EDE/A453). 

Average ambient air pollutant values are presented in 
eAppendix 2 (http://links.lww.com/EDE/A453). There were 
approximately 2700 values of H2S and 2000 values of semi
volatile PM10 and PM10 ; the smaller numbers of observations 
for the latter 2 pollutants were due to equipment malfunction 
in hot and humid weather. There were approximately 1750 
values for PM25_ 10 , PM25 , and endotoxin in the 12 commu
nities where these pollutants were measured. Overall means, 
minimum and maximum conununity means, and between
community variation (as a % of total) are reported in 
eAppendix 2 (http://links.lww.com/EDE/A453). Two nega
tive minimum community means for semivolatile PM10 oc
curred due to measurement error in the microbalance esti
mates of mass close to zero. More than half of the total 
variation in air pollutant measurements occurred between 
communities for 12-hour odor and 12-hour semivolatile 
PM10 . For the other measured pollutants, the majority of the 
variation occurred within the communities over time. This was 
particularly true for 1-hour and 12-hour H2S and 1-hour and 
12-hour PM 10, for which the between-community variances 
were approximately 4%, 6%, 6%, and 15%, respectively. 
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TABLE 2. Logistic Fixed Effects Models of Hog Odor, Hydrogen Sulfide, Nonvolatile PM 10 , and Semivolatile PM 10 as 
Predictors of Acute Irritation Symptoms Reported Immediately After Participants Spent 10 Minutes Outdoorsa 

1-h Average 
1-h Average H2S 1-h Average PM10 Semivolatile PM10 

Twice-daily Odor per 1 ppb per 10 ffig/m3 per 10 ffig/m3 

ffl SE J 2 ffl SE J 2 ffJ SE J 2 ffl SE J 2 

Eye irritation 0.53 0.06 87.49 0.15 0.06 6.10 0.36 0.11 10.12 0.16 0.27 0.37 

Nasal irritation 0.65 0.05 151.68 0.08 0.03 6.83 ffl0.00 0.04 0.00 ffl0.11 0.22 0.23 

Throat irritation 0.41 0.06 41.75 0.12 0.07 2.49 ffl0.03 0.05 0.33 0.26 0.33 0.65 

Skin irritation 0.37 0.16 5.56 0.13 0.25 0.26 0.56 0.38 2.17 0.47 0.93 0.26 

Cough 0.25 0.o7 1 l .89 0.14 0.12 1.34 fflO 02 0.11 0.05 ffl0.48 0.41 U2 

"All models are adjusted for time of day (AMiPYI). 

SE indicates standard etTor; PM, particulate matter. 

TABLE 3. Linear and Logistic Fixed Effects Models of 12-hour Average Hog Odor, Hydrogen Sulfide, Nonvolatile PM 10 , and 
Semivolatile PM 10 as Predictors of Lung Function and 12-hour Symptomsa 

12-h Average H2S 12-h Average PM10 12-h Average Semivolatile 

12-h Average Odor per 1 ppb per 10 ffig/m3 PM10 per 10 ffig/m3 

Lung Function 

Linear Models ffl SE ff! SE ffl SE ffJ SE 

PEF ffl0.52 (1.58) ffl0.33 ffl0.46 (0.71) ffl0.65 1.29 (1.17) 1.10 ffl7.39 ( 4.87) ffl 1.52 

FEV1 ffl0.02 (0.01) ffl 1.67 ffl0.01 (0.01) ffl 1.43 ffl0.00 (0.00) ffl0.22 ffl0.04 (0.04) ffll.04 

Symptoms 

Logistic Models ffl SE J 2 ffl SE J 2 ffl SE J 2 ffJ SE J 2 

Respiratory 

Runny nose 0.27 (0.10) 7.29 0.29 (0.09) 10.00 ffJ0.10 (0.10) 1.00 0.35 (0.37) 0.91 

Mucus or phlegm 0.19 (0.14) 1.91 0.o7 (0.09) 0.65 ffJ0.22 (0.13) 2.67 ffJ0.44 (0.47) 0.90 

Sore throat 0.08 (0.11) 0.56 0.03 (0.04) 0.39 ffJ0.25 (0.13) 3.54 ffJ0.24 (0.40) 0.38 

Cough 0.36 (0.15) 5.50 0.09 (0.10) 0.80 0.02 (0.10) 0.02 ffJ0.45 (0.45) 1.01 

Wheezing 0.18 (0.16) 1.36 0.09 (0.06) 2.40 0.16 (0.11) 2.33 0.20 (0.56) 0.13 

Difficulty breathing 0.50 (0.15) 11.18 0.33 (0.13) 7.06 0.05 (0.08) 0.50 1.22 (0.39) 9.99 

Chest tightness 0.12 (0.12) 1.11 ffl0.01 (0.09) 0.02 0.01 (0.09) 0.02 0.53 (0.37) 1.99 

Irritation 

Burning eyes 0.32 (0.10) 10.12 0.19 (0.07) 6.29 0.01 (0.09) 0.03 0.10 (0.43) 0.06 

Itching eyes 0.17 (0.10) 2.71 0.12 (0.05) 5.15 0.05 (0.10) 0.26 o.oi (0.44) 0.00 

Nasal irritation 0.46 (0.13) 13.67 0.12 (0.04) 7.90 0.00 (0.07) 0.00 ffJ0.17 (0.39) 0.20 

Gastrointestinal 

Nausea 0.21 (0.17) 1.59 0.18 (0.13) 1.82 ffJ0.08 (0.17) 0.22 0.02 (0.59) 0.00 

DimThea ffJ0.10 (0.28) 0.14 ffl0.05 (0.24) 0.04 ffJ0.27 (0.30) 0.81 ffJ0.46 (0.83) 0.30 

Poor appetite ffl0.03 (0.29) 0.01 ffl0.25 (0.34) 0.54 0.51 (0.20) 6.24 ffl0.05 (0.61) 0.01 

Neurological 

Headache 0.12 (0.12) 1.00 ffl0.07 (0.09) 0.60 ffl0.03 (0.11) 0.09 0.32 (0.32) 0.96 

Dizziness 0.11 (0.10) 1.25 0.06 (0.07) 0.88 0.15 (0.11) 1.92 ffl0.14 (0.34) 0.17 

Other 

Aching joints ffl0.01 (0.13) 0.01 ffl0.05 (0.13) 0.14 0.09 (0.07) 1.60 ffl0.93 (0.47) 3.84 

Difficulty hearing ffl0.16 (0.23) 0.51 ffl0.91 (0.64) 2.03 0.17 (0.11) 2.62 1.78 (0.65) 7.47 

Fever ffl0.02 (0.53) 0.00 0.65 (0.41) 2.48 ffl0.07 (0.38) 0.03 ffl3.32 (1.91) 3.04 

Backache ffl0.16 (0.14) 1.25 ffl0.04 (0.09) 0.17 0.13 (0.07) 3.03 ffl0.23 (0.39) 0.35 

"All models are adjusted for time of day (AMiPM). 

SE indicates standard error; PEF, peak expiratory !1ow; FEV1, forced expiratory volume in the first second; PM, particulate matter. 
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Associations of acute irritation symptoms with twice
daily (10-minute) odor reports and 1-hour average pollution 
levels are presented in Table 2. Irritation symptoms were 
elevated in association with odor and H2S, and most coeffi
cients were substantially greater than their standard errors. 
Estimates of associations between 1-hour PM 10 and irritation 
symptoms were near zero for nasal and throat irritation, and 
cough, whereas associations were positive for eye and skin 
irritation. Coefficients for semivolatile PM10 were both pos
itive and negative and similar in magnitude or smaller than 
their standard errors. 

Estimates ofassociations of 12-hour average odor, H2S, 
PM10 , and semivolatile PM10 with lung function measures 
and 12-hour symptom variables are presented in Table 3. 
Point estimates for PEF and FEV 1 are negative except for the 
coefficient for PM10 and PEF. T values indicate that the 
negative coefficients are less than or equal in value to their 
standard errors, the largest being for the association between 
odor and FEV 1 . 

Point estimates of associations of respiratory symptoms 
with odor and H2S were positive except for the coefficient 
between H2S and chest tightness (Table 3). The log odds of 
having experienced 4 of the 7 respiratory symptoms were 
positive for PM10 and semivolatile PM10 . However, most of 
these estimates were close to zero, with the exception of 
difficulty breathing and 12-hour mean semivolatile PM10 . 

Additionally, sore throat symptom reports were negatively 
associated with increases in PM10 . 

We observed positive associations (with high fff values) 
of irritation symptoms in the past 12 hours with 12-hour mean 
odor and with 12-hour mean H2S (Table 3). Twelve-hour irri
tation symptoms were not associated with 12-hour mean PM10 

or semivolatile PM10 (Table 3). Overall, we found little associ
ation between gastrointestinal symptoms and 12-hour mean 
odor, H2S, PM10, or semivolatile PM10, with the exception ofa 
positive association between PM10 and poor appetite. We found 
little evidence of associations between neurologic symptoms and 
12-hour mean odor, H2S, PM10, or semivolatile PM10 . Point 
estimates for the symptoms in the "other" category varied in 
magnitude and direction. Eleven of the 16 point estimates were 
negative, although most had very small fff values. The highest 
fff values were for the relationships of aching joints and diffi
culty hearing with 12-hour mean semivolatile PM10, although 
the estimates were in opposite directions (ffl0.93 ffi 0.47 and 
1.78 ffi 0.65, respectively). 

Twelve-hour average concentrations of PM2.5_ 10 , 

PM25 , and endotoxin were modeled as predictors of lung 
function and 12-hour symptoms in the 12 communities with 
results from the sequential air sampler (n J 70 participants, 
Table 4). T values for beta coefficients from linear condi
tional fixed effects models were small except for the associ
ation between PM2.5 and FEV1; FEV1 decreased 0.04 ffi 0.02 
L per 10 ffg/m3 increase in 12 hour mean PM2.5 • 

212 I www .epidem.com 

& 

Epidemiology • Volume 22, Number 2, March 2011 

Associations between symptoms and pollutants measured 
by the sequential sampler in the 12 communities with these 
measurements are also presented in Table 4. Most fff values 
were small, indicating that these exposure measures were poor 
predictors of symptoms. High fff values were observed for 
associations between PM25_ 10 and 3 symptoms, PM25 and 5 
symptoms, and endotoxin and 3 symptoms. PM25_ 10 was neg
atively associated with chest tightness and nausea and positively 
associated with aching joints. Symptoms showed more consis
tently positive associations with PM25 (wheezing, difficulty 
breathing, burning eyes, nasal irritation, backache) and endo
toxin (sore throat, chest tightness, nausea). 

The models reported in Tables 2-4 were also fit using 
random effects mixed models and produced very similar results. 

DISCUSSION 
Concerns about air pollution from animal production 

facilities have grown with the global industrialization of food 
animal production. 1,1°- 14,27 ,23 Concentrated hog feeding op
erations release air pollutants from confinement buildings, 
manure holding pits, and land-application of animal 
wastes. 1•29•30 Although cross-sectional studies have docu
mented relationships of proximity to hog operations with 
physical symptoms10- 14•31 •32 and with reduced FEV1, 14 they 
have lacked air pollution measures and most have depended 
solely on participant recall of symptoms over time periods of 
6-12 months. The present study contributes to the literature 
by linking twice-daily symptom reports and lung function 
measurements of people residing near hog operations with 
physical measures of ambient air pollutant concentrations. 

Several limitations should be considered in interpreting 
the results of this study. First, although we have repeated 
measures for each participant, the number of people in the study 
is small. The small sample size contributes to imprecision of 
measures of association and also limits our ability to quantify 
variability in measures of association between subgroups. 

Several factors may limit the external validity of the 
study findings. The 16 study communities are not a random 
sample of eastern North Carolina, and we are not able to 
evaluate the extent to which the characteristics of air pollut
ants or the volunteers in the study are representative of other 
populations living near industrial hog operations. Further
more, participants were nonsmoking volunteers, mostly free 
of chronic respiratory diseases. Associations between hog 
operation pollutants and health outcomes may be different 
among smokers and people with asthma or other conditions 
that increase responsiveness to pollutants. About three
fourths of the study participants reported growing up around 
livestock, which has been associated with lower levels of 
atopy in some studies.33- 35 We did not measure atopy; how
ever, 43% of participants who grew up on a farm reported hay 
fever compared with 19% of those who did not, suggesting 
that early exposure to livestock may not have resulted in 
reduced responsiveness to pollutants in this population. 
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TABLE 4. Linear and Logistic Fixed Effects Models of Coarse Particles, Fine Particles, and Endotoxin as Predictors of Lung 
Function and Symptoms• 

12-h PM2.5_ 10 per 10 ffig/m3 12-h PM25 per 10 ffig/m3 12-h Endotoxin per 10 EU/mg 

Lung Function 

Linear Models ffl SE ffl SE ffl SE 

PEF 1.96 (2.08) 0.94 ffl0.19 (2.64) ffl0.07 0.23 (0.45) 0.53 

FEV 1 0.01 (0.02) 0.52 ffl0.04 (0.02) ffl2.12 0.00 (0.00) 0.37 

Symptoms 

Logistic Models ffl SE J 2 ffl SE J 2 ffl SE J 2 

Respiratory 

Runny nose ffl0.16 (0.24) 0.46 0.13 (0.20) 0.39 0.02 (0.04) 0.41 

Mucus or phlegm ffl0.02 (0.15) 0.02 ffl0.18 (0.28) 0.40 ffl0.01 (0.05) 0.08 

Sore throat ffl0.50 (0.52) 0.91 ffl0.30 (0.25) 1.45 0.10 (0.05) 3.46 

Cough ffl0.70 (0.51) 1.89 0.01 (0.29) 0.00 0.03 (0.05) 0.33 

Wheezing 0.19 (0.26) 0.55 0.84 (0.29) 8.64 ffl0.01 (0.06) 0.02 

Difficulty breathing ffl0.62 (0.42) 2.17 0.50 (0.24) 4.37 0.06 (0.05) 1.47 

Chest tightness ffl0.84 (0.45) 3.56 0.02 (0.24) 0.00 0.09 (0.04) 6.42 

Irritation 

Burning eyes 0.15 (0.20) 0.55 0.61 (0.22) 7.78 0.02 (0.04) 0.25 

Itching eyes ffl0.08 (0.18) 0.21 0.38 (0.24) 2.53 0.03 (0.04) 0.72 

Nasal i1Titation ffl0.03 (0.14) 0.07 0.48 (0.25) 3.66 0.00 (0.04) 0.01 

Gastrointestinal 

Nausea ffl 1.43 (0.71) 4.06 ffl0.09 (0.32) 0.07 0.10 (0.05) 3.64 

DimThea ffl 1.11 (1.21) 0.85 ffl0.07 (0.45) 0.02 0.04 (0.10) 0.12 

Poor appetite 0.62 (0.90) 0.47 ffl0.25 (0.62) 0.16 ffl0.03 (0.10) 0.08 

Neurological 

Headache ffl0.31 (0.39) 0.61 ffl0.18 (0.22) 0.63 0.06 (0.05) 1.74 

Dizziness ffl0.54 (0.46) 1.40 ffl0.26 (0.23) 1.29 0.04 (0.05) 0.77 

Other 

Aching joints 0.30 (0.15) 3.99 0.02 (0.24) 0.01 0.00 (0.04) 0.01 

Difficulty hearing ffl0.10 (0.43) 0.05 0.53 (0.41) 1.70 0.04 (0.07) 0.41 

Fever 0.18 (0.95) 0.04 ffl0.64 (0. 79) 0.67 0.19 (0.14) 1.96 

Backache ffl0.02 (0.15) 0.01 0.61 (0.25) 5.86 0.03 (0.04) 0.60 

"All models are adjusted for time of day (AM P'1). 

SE indicates standard error; PEF, peak expiratory flow; FEVi, forced expiratory volume in the first second; PM, particulate matter_ 

The air-monitoring equipment for this study was large and 
difficult to conceal. In some communities, participants reported 
reductions in hog odor and spraying of hog waste during the 
study compared with tin1e periods before and after the equip
ment was in their neighborhoods. Changes in waste manage
ment practices could have lowered exposure levels during the 
study, and consequently our ability to detect effects. In addition, 
exposure variability witl1in communities could not be quantified 
by the stationary, centrally located monitors. 

Finally, lung function data were of lower quality and 
were less complete than otl1er outcome data.21 Lung function 
assessment depends upon proper technique and is ideally 
conducted by a laboratory technician. 36 In this study, partic
ipants were trained to make 3 measurements to the best of 
their ability each time they collected data. Given fue com-
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munity-based setting, we did not feel it was appropriate to 
apply American Thoracic Society/European Respiratory So
ciety standards to these measurements. 37 Instead, we ana
lyzed only error-free readings, further reducing sample size 
and the precision of estimates of association. Therefore, it is 
of interest that a 10 ffg/m3 increase in PM2_5 (measured only 
in 12 of the 16 communities) was associated with a 0.04 ffi 
0.02 L decrease in FEV 1 (T J f fl.112). 

Despite these limitations, most exposure-outcome rela
tionships were in the predicted direction; most of those not in 
the predicted direction were weak. We observed unexpected 
negative associations between PM10 and sore throat, PM2_5_ 10 

and nausea and chest tightness, and semivolatile PM10 and 
aching joints. We are not aware of any biologic mechanisms 
whereby these air pollutants or unmeasured copollutants 
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could protect against development of these symptoms. Al
though the study design and analytic methods preclude con
founding by time-invariant characteristics of participants, 
these negative associations could reflect uncontrolled time
related confounding, measurement error, or both. 

In addition, our findings were generally consistent with 
prior studies of airborne emissions from industrial hog oper
ations. For example, in a controlled experiment, 48 healthy 
adult volunteers (mean age J 26) reported eye irritation and 
nausea more frequently when exposed to diluted swine air 
than when exposed to clean air. 38 Radon et al14 found 
evidence of decreased FEV 1 and increased wheezing in 
association with the number of concentrated animal feeding 
operations near participants' residences, and increased re
ports of asthma and nasal allergies in association with re
ported annoyance with odor. Mirabelli et al12 observed a 23% 
higher prevalence of wheezing among children who attended 
schools where staff reported livestock odor inside school 
buildings twice or more per month, compared with schools 
where no livestock odor was reported. In a cross-sectional 
study of rural Iowa children, living on a fam1 that raised 
swine and added antibiotics to animal feed was associated 
with asthma-related outcomes. 11 Finally, endotoxin expo
sures have been associated with increased respiratory and 
systemic symptoms and decreased lung function,39 and work
ing in hog operations has also been associated with respira
tory symptoms, reduced lung function, and organic dust toxic 
syndrome_ 1s,16,40,41 

Interestingly, in contrast to some other studies, we did 
not observe an association between hog operation air pollut
ants and headaches. 10·38·42 It is possible that headaches are 
more prevalent among individuals living near hog operations, 
but that the incidence ofheadaches does not covary with odor 
and pollutants on the short-time scale used in our study. 
Although an acute association with headache was observed in 
a chamber study,38 that exposure was diluted air from a swine 
confinement building, and the experimental subjects were 
naive volunteers who did not live near hog operations. 

Among the pollutants we measured, H2S (which is 
produced by anaerobic decomposition of sulfur-containing 
organic matter in hog waste pits 1) provides a fairly specific 
measure of hog operation pollution in these rural areas where 
there are few other industrial sources of H2S. In contrast to 
H2 S, PM is a ubiquitous air pollutant with many sources and 
has been previously associated with lower lung fm1ction, 
heart rate variability, and mortality.43-46 In addition to solid 
particle sources, constituents of PM may fonn indirectly in 
the atmosphere through reactions of precursor gases such as 
NH/7 to form soluble substances such as ammonium ni
trate.48 These particles may be semivolatile, in equilibrium 
between gas and particle phases,49 and may have different 
effects than nonvolatile fractions of PM. Therefore observed 
associations between PM, symptoms, and lm1g ftmction could 
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be due to PM emitted by hog operations, PM from other 
sources, or both. We were specifically interested in PM2 5_ 10 
because of the possibility that hog dander, feed, dried feces, 
endotoxin, and other microbial matter would be present in the 
coarse fraction. 30 However, of all the pollution measures, 
PM25_ 10 showed the smallest and least precise associations 
with symptoms and lung function. 

Conclusions 
This longitudinal study contributes to evidence ob

tained from cross-sectional research that suggests that air 
pollutants near hog operations cause acute physical symp
toms, particularly upper respiratory symptoms and irritation 
of the nose and eyes. Despite limitations of measurements of 
exposure and outcome, the temporal nature of the analysis 
eliminates confounding from time-invariant factors and 
strengthens the evidence. Adjustment for time of day helps 
reduce any time-related confounding that could be introduced 
by diurnal covariation in symptoms and air pollutants. Vari
ability in pollutants within morning and evening periods is 
large enough so that overadjustment is not a concern. 

Industrial hog operations in North Carolina are dispro
portionately located in low-income communities of color10•29 

where there is more potential for exposure to outdoor air 
pollutants due to older homes that are not air tight and have 
no air conditioning. Many residents also lack the financial 
resources to travel and choose activities that could help them 
avoid high pollution. Exposure to air pollution from hog 
operations is an environmental injustice in rural areas hosting 
facilities that supply pork to populations spared the burdens 
of its production. 

ACKNOWLEDGMENTS 
John Creason, Doris Taylor Davis, Brenda Denzler, 

Jerry Godwin, Gary R. Grant, Steve Hutton, Amy Lowman, 
Naeema Muhammad, Susan Schiffman, James W Scott, Jes
sica Thompson, Jerry Watkins, and Susanne Wolf played key 
roles in field work and study support. John Creason, Karin 
Foarde, James Raymer, and Susan Schiffman helped to de
sign the study. For their support and encouragement 
throughout all stages of this research, we are especially 
indebted to the study participants, community members, and 
community-based organizations, including the Concerned 
Citizens of Tillery, the Alliance for a Responsible Swine 
Industry, and others who must remain unnamed to protect 
confidentiality. We are indebted to the study participants for 
their hard work and commitment to collection of data. 

REFERENCES 
1. National Research Council Ad Hoc Committee on Air Emissions from 

Animal Feeding Operations. Air Emissions from Animal Feeding Oper
ations: Current Knowledge, Future Needs. Washington, DC: The Na
tional Academies Press; 2003. 

2. Schiffman SS. Livestock odors: implications for human health and 
well-being. J Anim Sci. 1998;76:1343-1355. 

3. Schiffman SS, Walker JM, Dalton P, et al. Potential health effects of 

© 2011 Lippincott Williams & Wilkins 

ED_001369_00043711-00349 



Epidemiology • Volume 22, Number 2, March 2011 

odor from animal operations, wastewater treatment, and recycling of 
byproducts. J Agromedicine. 2004;9:397-403. 

4. Hoff SJ, Bundy DS, Nelson MA, et al. Emissions of ammonia, hydrogen 
sulfide, and odor before, during, and after slurry removal from a deep-pit 
swine finisher. J Air Waste Manag Assoc. 2006;56:581-590. 

5. Thorne PS, Ansley AC, Perry SS. Concentrations ofbioaerosols, odors, 
and hydrogen sulfide inside and downwind from tv10 types of swine 
livestock operations. J Occup Environ Hyg. 2009;6:211-220. 

6. Walker JT, Robarge WP, Shendrikar A, Kimball H. Inorganic PM2.5 at 
a U.S. agricultural site. Environ Pollut. 2006;139:258-271. 

7. Goetz S, Aneja VP, Zhang Y. Measurement, analysis, and modeling of 
fine particulate matter in eastern North Carolina. J Air Waste A1anag 
Assoc. 2008;58:1208-1214. 

8. Costanza JK, Marcinko SE, Goewert AE, Mitchell CE. Potential geo
graphic distribution of atmospheric nitrogen deposition from intensive 
livestock production in North Carolina, USA. Sci Total Environ. 2008; 
398:76-86. 

9. Sherlock RR, Sommer SG, Khan RZ, et al. Ammonia, methane, and 
nitrous oxide emission from pig slurry applied to a pasture in New 
Zealand. J Environ Qua/. 2002;31:1491-1501. 

10. Wing S, Wolf S. Intensive livestock operations, health, and quality of 
life among eastern North Carolina residents. Environ Health Perspect. 
2000; 108:233-238. 

11. Merchant JA, Naleway AL, Svendsen ER, et al. Asthma and farm 
exposures in a cohort of rural Iowa children. Environ Health Perspect. 
2005; 113:350--356. 

12. Mirabelli MC, Wing S, Marshall SW, Wilcosky TC. Asthma symptoms 
among adolescents who attend public schools that are located near 
confined swine feeding operations. Pediatrics. 2006; 118:e66-e75. 

13. Sigurdarson ST, Kline JN. School proximity to concentrated animal 
feeding operations and prevalence of asthma in students. Chest. 2006; 
129:1486--1491. 

14. Radon K, Schulze A, Ehrenstein V, van Strien RT, Praml G, Nowak D. 
Environmental exposure to confined animal feeding operations and respi
ratory health of neighboring residents. Epidemiology. 2007; 18:300--308. 

15. Eduard W, Pearce N, Douwes J. Chronic bronchitis, COPD, and lung 
fi.mction in farmers: the role ofbiological agents. Chest. 2009;136:716--725. 

16. Senthilselvan A, Chenard L, Ulmer K, Gibson-Burlinguette N, Leuschen C, 
Dosman JA. Excess respiratory symptoms in full-time male and female 
workers in large-scale swine operations. Chest. 2007;131:1197-1204. 

17. Zejda JE, Hurst TS, Rhodes CS, Barber EM, McDuffie HH, Dosman JA. 
Respiratory health of swine producers. Focus on young workers. Chest. 
1993; 103:702-709. 

18. Andersen CI, Von Essen SG, Smith LM, Spencer J, Jolie R, Donham KJ. 
Respiratory symptoms and airway obstruction in swine veterinarians: a 
persistent problem. Am J Ind Med. 2004;46:386-392. 

19. Wing S, Horton RA, Marshall SW, et al. Air pollution and odor in 
communities near industrial swine operations. Environ Health Perspect. 
2008; 116: 1362-1368. 

20. Horton RA, Wing S, Marshall SW, Brownley KA. Malodor as a trigger 
of stress and negative mood in neighbors of industrial hog operations. 
Am J Public Health. 2009;99:S610-S615. 

21. Schinasi L, Horton RA, Wing S. Data completeness and quality in a 
community-based and participatory epidemiologic study. Prag Commu
nity Health Partnersh. 2009;3:179-190. 

22. Tajik M, Muhammad N, Lowman A, Thu K, Wing S, Grant G. Impact 
of odor from industrial hog operations on daily living activities. New 
So/zit. 2008; 18: 193-205. 

23. Wing S, Horton RA, Muhammad N, Grant GR, Tajik M, Thu K. 
Integrating epidemiology, education, and organizing for environmental 
justice: community health effects of industrial hog operations. Am J 
Public Health. 2008;98:1390-1397. 

24. Menetrez MY, Foarde KK, Esch RK, et al. An evaluation of indoor and 
outdoor biological particulate matter. Atmos Environ. 2009;43:5476--5483. 

25. Foarde K, Berry M. Comparison of biocontaminant levels associated 
with hard vs. carpet floors in nonproblem schools: results of a year long 
study. J Expo Anal Environ Epidemiol. 2004; 14:S41-S48. 

26. Allison PD. Fixed Effects Regression Methods for Longitudinal Data 
Using SAS. Cary, NC: SAS Institute; 2005. 

© 2011 Lippincott Williams & Wilkins 

& 

Lung Function and Symptoms Near SWine Feeding Operations 

27. Pew Commission on Industrial Farm Animal Production. Putting l\Jeat 
on the Table: Industrial Farm Animal Production in America. Balti
more, MD: The Johns Hopkins Bloomberg School of Public Health; 
2006. 

28. Thorne PS. Environmental health impacts of concentrated animal feed
ing operations: anticipating hazards-searching for solutions. Environ 
Health Perspect. 2007;115:296--297. 

29. Wing S, Cole D, Grant G. Environmental injustice in North Carolina's 
hog industry. Environ Health Perspect. 2000;108:225-231. 

30. Iowa State University and the University of Iowa Study Group. Iowa 
Concentrated Animal Feeding Operation Air Quality Study. Iowa City, 
IA: The University of Iowa College of Public Health, Iowa State 
University College of Agriculture; 2002. 

31. Thu KM. Public health concerns for neighbors of large-scale swine 
production operations. J Agric Sa/ Health. 2002;8: 175-184. 

32. Villeneuve PJ, Ali A, Challacombe L, Hebert S. Intensive hog farming 
operations and self-reported health among nearby rural residents in 
Ottawa, Canada. BMC Public Health. 2009;9:330. 

33. Naleway AL. Asthma and atopy in rural children: is farming protective 0 

C/in Med Res. 2004;2:5-12. 
34. Vedanthan PK, Mahesh PA, Vedanthan R, Holla AD, Liu AH. Effect of 

animal contact and microbial exposures on the prevalence of atopy and 
asthma in urban vs rural children in India. Ann Allergy Asthma Immunol. 
2006;96:571-578. 

35. Von Ehrenstein OS, Von Mutius E, Illi S, Baumann L, Bohm 0, 
von Kries R. Reduced risk of hay fever and asthma among children of 
farmers. C/in Exp Allergy. 2000;30:187-193. 

36. Miller MR, Crapo R, Hankinson J, et al. General considerations for lung 
function testing. Eur Respir J. 2005;26:153-161. 

37. Miller MR, Hankinson J, Brusasco V, et al. ATS/ERS Task Force. 
Standardisation of spirometry. Eur Respir J. 2005;26:319-338. 

38. Schiffman SS, Studwell CE, Landerman LR, Berman K, Sundy JS. 
Symptomatic effects of exposure to diluted air sampled from a swine 
confinement atmosphere on healthy human subjects. Environ Health 
Perspect. 2005; 113:567-576. 

39. Heederik D, Sigsgaard T, Thome PS, et al. Health effects of airborne 
exposures from concentrated animal feeding operations. Environ Health 
Perspect. 2007;115:298-302. 

40. Vogelzang PF, van der Gulden JW, Folgering H, van Schayck CP. 
Organic dust toxic syndrome in swine confinement farming. Am J Ind 
Med. 1999;35:332-334. 

41. Charavaryamath C, Singh B. Pulmonary effects of exposure to pig barn 
air. J Occup Med Toxicol. 2006; 1: 10. 

42. Thu K, Donham KJ, Ziegenhom R, et al. A control study of the physical 
and mental health of residents living near a large-scale swine operation. 
J Agric Sa/ Health. 1997;3:13-26. 

43. Downs SH, Schindler C, Liu LJ, et al. Reduced exposure to PMlO and 
attenuated age-related decline in lung function. N Engl J Med. 2007; 
357:2338-2347. 

44. Lewtas J. Air pollution combustion emissions: characterization of caus
ative agents and mechanisms associated with cancer, reproductive, and 
cardiovascular effects. Mutat Res. 2007;636:95-133. 

45. Wheeler A, Zanobetti A, Gold DR, Schwartz J, Stone P, Suh HH. The 
relationship between ambient air pollution and heart rate variability 
differs for individuals with heart and pulmonary disease. Environ Health 
Perspect. 2006;114:560-566. 

46. Zeka A, Zanobetti A, Schwartz J. Individual-level modifiers of the 
effects of particulate matter on daily mortality. Am J Epidemiol. 2006; 
163:849-859. 

47. Aneja VP, Schlesinger WH, Erisman JW. Effects of agriculture upon the 
air quality and climate: research, policy, and regulations. Environ Sci 
Technol. 2009;43:4234-4240. 

48. Harrison RM, Yin J. Particulate matter in the atmosphere: which particle 
properties are important for its effects on health? Sci Total Environ. 
2000;249:85-101. 

49. Grover BD, Eatough NL, Eatough DJ, et al. Measurement of both 
nonvolatile and semi-volatile fractions of fine particulate matter in 
Fresno, CA. Aerosol Sci Technol. 2006;40:811-826. 

www.epidem.com I 215 

ED_001369_00043711-00350 



ED_001369_00043711-00351 



Available online at www.sciencedirect.com 

ScienceDirect 
Atmospheric Environment 41 (2007) 4977-4987 

www.elsevier.com/locate/atmosenv 

Examination of atmospheric ammonia levels near hog CAFOs, 
homes, and schools in Eastern North Carolina 

Sacoby M. Wilsona,ff! Marc L. Serreb 

8 Department of Epidemiology, University of Michigan, Ann Arbor, MI 48104, USA 
bDepartment of Environmental Sciences and Engineering, University of Carolina at Chapel Hill, Chapel Hill, NC 27599, USA 

Received 24 July 2006; received in revised form 22 December 2006; accepted 26 December 2006 

Abstract 

Hog concentrated animal feeding operations (CAFOs) release ammonia (N H3) in Eastern North Carolina (NC) 
to the atmosphere which is potentially hazardous for nearby human populations at community locations particularly 
homes and schools. We present N H3 weekly average concentrations that were collected using passive diffusion tubes 
from October 2003 to May 2004 (20 sites) and from July 2004 to October 2004 (23 sites) near community locations 
in close proximity to hog CAFOs. The data for each phase of sampling was stratified by distance from the nearest 
hog CAFO. The mean Phase I levels were 16, 8, 7 and 5 ppb for distances o 0.5, 0.5--1, 1-2, and 2 km or more, respectively. 
The mean levels for Phase II were 29, 16, and 11 ppb for distances o 0.5, 0.5--1, and 1 km or more, respectively. 
The results of the distance stratification are the best results of this study and provide the strongest evidence that distance to 
one or more CAFOs is the key variable in controlling weekly N H3 atmospheric concentration at the community level in 
Eastern NC. Statistical analyses confirmed that source terms such as distance to a hog CAFO and live weight per 
operation, as well as temperature, wind speed and wind direction were important predictors of atmospheric N H3 

at community locations. The results indicate potential zones of exposure for human populations who live or go to school 
near hog CAFOs. 
r 2007 Elsevier Ltd. All rights reserved. 

Keywords: Ammonia; Hog; Passive diffusion; CAFOs; Emission; Exposure 

1. Introduction 

The exposure of rural populations to industrial 
hog farm pollution including ammonia (NH 3), 

hydrogen sulfide (H~). voes, bioaerosols, endo-
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toxins, and particulate matter 
of Sciences Iowa 

may lead to adverse health outcomes (e.g., 
respiratory ailments, immune suppression, stress, 
mental health problems) (Mirabelli et al., 2006; 
Merchant et al., 2005; Bullers, 2005; Avery et al., 
2004; Hodne, 2001; Wing and Wolf, 2000; Cole 
et al., 2000; Thu et al., 1997; Schiffman et al., 1995, 
2000). In addition, the burden of hog confined 
agricultural feeding operations (CAFOs) on rural 
communities can negatively impact quality of life 
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including: (1) decreasing the ability of re;idents 
to enjoy their property (2) reducing 
property values 1997), (3) eroding 
social capital 2001; (4) 
preventing healthy economic development 

and 1996), and (5) hampering commu-
nity sustainability. 

In recent years, scientists have performed con
siderable research on industrial hog operations 
to quantify the emissions of these pollutants 
from confinement house;, lagoons, sprayfields 
and reemission from soils (see Iowa Group 

2002 for literature review), while, other 
researchers have produced studies to assess 
occupational exposures to hog CAFO pollution 
and related health effects (Iowa ( 

This work has a limited utility in under
standing chronic exposure of rural populations to 
intermittent levels of N H3 and other CAFO 
pollutants and the development of appropriate 
exposure limits not based on occupational data 
and a paucity of community-bared epidemiology 
studiES. 

Researchers have performed a paucity of work to 
examine the spatiotemporal variation of atmo
spheric N H3 near populations at the community 
level et al., Walker 
et al., et et al., 

Our lack of knowledge on atmospheric 
N H3 at the community level is an important 
problem, because, without it, we are unable to 
develop accurate exposure profile; for residents who 
live near CAFOs and ascertain the burden of 
CAFOs and negative health response; on exposed 
populations. 

This paper is a part of a larger project that 
examines spatiotemporal variation of atmospheric 
ammonia levels in Eastern North Carolina near hog 
CAFOs, homes and schools Pre
vious work has demonstrated the importance of 
source and meteorological parameters in predicting 
N H3 levels on the CAFO property or at a I imited 
number of ambient sites. The purpose of this paper 
is to answer the question: What are the variables 
that explain N H3 variation in a region of variable 
hog CAFO density near homes and schools at the 
community level? This paper seeks to answer this 
question by exploring the relationship between 
distance to emission source and measured N H3 

levels and examining the association between 
concentration and meteorological parameters across 
community locations. 

2. Methods 

2.1. Passive monitoring of atmospheric ammonia in 
Eastern NC 

Passive diffusion tubES were utilized to measure 
atmospheric ammonia levels near industrial hog 
CAFOs, homes and schools in Eastern NC. Passive 
sampling occurred in two phase; from 2003 to 2004 
across a region of variable CAFO density including 
Duplin, Greene, and Lenoir (high emission density 
counties) and Nash, Edgecombe, and Wilson (low 
emission density counties). Phase I occurred from 
October 2003 to May 2004 (20 sites) to measure 
atmospheric N H3 levels across different seasons and 
low and high emission density counties. Phase-I I 
sampling occurred from July to October 2004 (23 
sites) to measure N H3 during the warmest months 
of the year in Duplin, Greene, and Lenoir countiES. 
Passive samplers were placed near homes and 
schools IESS than 2 km from the nearest hog CAFO 
(exposed site;) and near homes and schools greater 
than 2 km from the nearest hog CAFO (IESS-exposed 
sites). Passive samplers were exposed for 1 week at a 
time, so that the N H3 data presented in this work 
correspond to weekly average of atmospheric N H3 

concentration. More information about the passive 
method, sampling framework, and results can be 
found in Wilson 

2.2. Calculation of distance 

Latitude/longitude coordinate; of industrial hog 
operations were supplied by the North Carolina 
Department of Environment and Natural Re-
sources Carolina 
ment and Natural Re;ources 
Additional information on the location of hog 
CAFOs was derived from the work presented 
in et al. The ArcGIS 8.3 (ESRI, 
Redlands, CA, USA) find distance tool was 
employed to find the distance from each passive 
monitoring station to the close;t hog CAFO and 
these distances were checked in the field. These 
distances were recorded and placed in an Excel 
spreadsheet. 

2.3. Stratification of distance 

N H3 data were stratified based on distance from 
the emission source. Four distance categories were 
e;tabl ished for Phase I: (1) o 0.5 km from a CAFO, 
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(2) 0.5--1 km from a CAFO, (3) 1-2 km from a 
CAFO and (4) 4 2 km from a CAFO. Only three 
distance categories were used o 0.5 km from a 
CAFO, 0.5--1 km from a CAFO, and 4 1 km from 
a CAFO for Phase 11 because sampling occurred 
at only one site 4 2 km from a CAFO (site #23). 
The Swine Farm Siting Act requires that swine 
houses or lagoons holding animal waste shall 
be located at least 1500ft from any occupied 
residence; at least 2500ft from any school, hospital, 
or church; and at least 500ft from any property 
boundary Carolina General Statutes 

Distance categories 1 and 2 were 
comparable to setback distances for livestock 
operations at 1500ft (1 0.5 km) from a residence 
and 2500ft (1 0.8km) from a school. The use of 
stratification will allow us to ascertain the average 
N H3 levels in the mandated buffers between live
stock operations and homes and schools at the 
community level. 

2.4. Extraction of weather data from the North 
Carolina Climate Office database 

Meteorological parameters were obtained for 
nearby weather stations in the Eastern NC study 
area during Phase I and Phase 11 sampling. The data 

were extracted from the North Carolina Climate 
database administered by the State Climate Office 
of North Carolina (SCONC) housed at North 
Carolina State University (State Climate Office of 
North Carolina / www.nc-climate. 
ncsu.eduS. This office maintains the database that 
collects all of the available meteorological 
data for the state of NC. The weather stations 
collect hourly temperature, wind speed and direc
tion, humidity, and precipitation, and barometric 
pressure data. 1 shows the location of the 
weather stations used in this study in relation to the 
Phase I and 11 monitoring sites and industrial hog 
operations. 

2.5. Prediction of weather parameter at each passive 
monitoring station using ArcGIS 

Due to the unavailability of weather data at each 
passive monitoring station, the SCONC data was 
used. In the ArcG IS 8.3 platform, the Geostatistical 
Analyst tool (Johnston et al., 2001) was employed 
to predict unknown weather parameter levels at 
different locations in the study. Twenty-five stations 
provided available temperature, wind speed, wind 
direction, pressure, humidity, temperature and 
other data. From this data, ordinary kriging was 

Fig. 1. Location of weather stations in relation to Phase I and 11 NH 3 sites in Eastern NC. This map shows 25 weather stations in Eastern 
NC which were used to create weather surfaces. 
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used to predict and develop a continuous surface 
map for each weather variable for each sampling 
period. 

A map of the N H3 sampling stations was overlaid 
on the continuous surface map for each weather 
parameter created for each deployment period. 
A value for each weather parameter was then 
obtained with the ArcG IS locate tool. For example, 
the continuous temperature surface showed the 
kriged predictions of temperature over the entire 
study area. Using the ArcGIS locate tool, a 
temperature value was obtained for each of the 
passive N H3 stations for Phase-I and Phase-I I 
sampling. The;e temperature values were recorded 
and placed in an Excel spreadsheet. This process 
was repeated for each meteorological parameter for 
each deployment period. 

2.6. Source-related variables obtained using ArcGIS 
8.3 

Information was obtained from NC DENR on 
the number of animals and steady state live weight 
(SSL W) per hog CAFO. ArcG IS 8.3 was used to 
obtain source-related variables including the dis
tance of each monitoring site to the closest hog 
CAFO, animals at the nearest CAFO, and SSLW 
at the nearest CAFO. A spatial calculator was 
employed to calculate the total and mean number of 
CAFOs, animals, live weight, and emissions in a 
1 km radius around each N H3-sampling site. The;e 
steps were repeated for radial buffers of 2 and 5 km. 

2.7. Regression of weather parameters with source 
variables vs. N H3 concentration 

SPSS 10.0 (SPSS Inc., Chicago, IL) was used to 
ascertain which weather and source variables were 
statistically significant predictors of atmospheric 
ammonia during Phase I and 11 sampling at 
community locations. Several regression options 
were available in SPSS including Forward, Back
ward and Stepwise. The stepwise procedure was 
utilized as the primary regression procedure because 
it allows the user to retain the most statistically 
significant terms in the model. Mean N H3 was 
regressed against meteorological variables (tempera
ture, wind speed, pressure, humidity, average wind 
direction, maximum wind direction, and precipita
tion) and source-related variables mentioned pre
viously to obtain the best predictive model for each 
set of data. 

3. Results and discussion 

3.1. Location of hog CAFOs in relation to N H3 

passive monitoring sites 

Table 1 shows the distance zone of each passive 
monitoring site employed during Phase I and 11 
sampling in relation to the nearest industrial hog 
operation regardless of direction. 

During Phase-I sampling, the distance from the 
passive monitoring sites to the nearest hog CAFOs 
ranged from 0.25 to 4.77 km. Four sites (#6, #8, 
#10, and #13) were located at distances greater than 
2 km from the nearest CAFO in either Edgecombe 
or Wilson. The;e sites were designated as "less
exposed" sites. Table 1 also shows the distance zone 
of Phase 11 monitoring sites to the nearest industrial 
hog operation. All of the;e sites were primarily 
"exposed sites" located in high emission density 
counties as defined by Walker et al. Phase-I I 
sites were located 0.20-5.94 km from the nearest 
industrial hog operation. 

Table 1 
Distance zone of each passive monitoring station to nearest hog 
CAFO 

Phase I 
station ID 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

County 

Nash 
Greene 
Greene 
Greene 
Edgecombe 
Edgecombe 
Edgecombe 
Wilson 
Greene 
Wilson 
Greene 
Nash 
Edgecombe 
Greene 
Edgecombe 
Edgecombe 
Greene 
Greene 
Greene 
Greene 

Zone• Phase 11 County Zoneb 
station ID 

1 1 Duplin 3 
3 2 Duplin 3 
2 3 Duplin 3 
3 4 Duplin 2 

5 Duplin 2 
4 6 Duplin 2 
3 7 Greene 3 
4 8 Greene 2 
2 9 Greene 2 
4 10 Greene 1 
3 11 Greene 1 
2 12 Greene 2 
4 13 Greene 3 
1 14 Greene 2 

15 Greene 3 
2 16 Greene 3 
3 17 Duplin 1 
2 18 Duplin 1 
2 19 Duplin 1 
3 20 Duplin 1 

21 Duplin 3 
22 Duplin 3 
23 Lenoir 3 

"For Phase I, Zone 1: 0-0.5 km, Zone 2: 0.5-1 km, Zone 3: 
1-2 km, and Zone 4: 2 km or more from nearest hog CAFO. 

bFor Phase II, Zone 1: 0-0.5km, Zone 2: 0.5-1km, and 
Zone 3: 1 km or more from nearest hog CAFO. 
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3.2. Stratification of distance vs. N H3 concentration 

Walker et al. reported a mean N H3 level of 
0.58rrgm' 3 (0.84ppb) at an agricultural site in 
Martin County, NC (emission density¼ 320 kg 
NH 3-N km' 1 yrl1). This value is higher than the 
value reported by et al. ) at an 
agricultural site in an area of low local emissions 

ker et al., The mean value at the Martin 
County site is within the range of values reported 
for non-agricultural sites and US urban areas 

ker et al., Walker et al. also 
reported a mean value of 2.46rrg m' (3.50 ppb) 
at the Kinston site (emission density ¼2290kg 
N H3-N km' 1 yrl 1). We report levels in the following 
section that are higher than the ambient levels 
mentioned above. 

Phase I and 11 data are considered separately in 
2 and 3. The concentrations are stratified by 

distance from the nearest hog CAFO. We made the 
assumption that the closest emission source would 
be the most dominant emission source near each 
passive monitoring site. Overall concentrations are 
lower for Phase-I sampling and concentrations drop 
off more steeply from o 0.5 to 0.5-1.0 km, but the 
same declining trend is apparent in both phases. 

2 shows that during Phase-I sampling the mean 
concentration drops by more than half between sites 
at 0--0.5 and 0.5-1 km. The mean N H3 concentra
tion at distances greater than 2 km from a CAFO 
(5.3 ppb) remained higher than ambient levels 
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Fig. 2. NH3 concentrations stratified by distance to nearest hog 
CAFO (Phase I). The figure shows the mean and standard 
deviation (SD) of pooled NH3 averages for four distance zones. 
Zone 1: 0--0.Skm, Zone 2: 0.5-1 km, Zone 3: 1-2 km, and Zone 4: 
2 km or more from nearest hog CAFO. 
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Fig. 3. NH3 concentrations stratified by distance to nearest hog 
CAFO (Phase 11). The figure shows the mean and standard 
deviation (SD) of pooled N H3 averages for three distance zones. 
Zone 1: 0-0.Skm, Zone 2: 0.5-1 km, and Zone 3: 1 km or more 
from nearest hog CAFO. 

thought to range from less than 1 to 3 ppb for an 
agricultural region et 2001; Walker et 

3 displays the stratified Phase 11 data. We see 
that the mean concentration of 29 ppb for sites 
located in the exposure zone 0.5 km or less from the 
nearest hog CAFO is two times greater than the 
mean concentration at sites between 0.5 and 1 km. 
Additionally, the mean concentration obtained for 
pooled sites that were 1 km or greater from the 
nearest CAFO was 10.74 ppb. This figure illustrates 
the decline in mean N H3 levels as distance increases 
between community locations and emission source. 

Tables 2 and 3 present data for Phase I and 11 
sampling site; that demonstrate the negative trend 
that exists between distance to emission source and 
N H3 concentration. From these table;, we see that 
the mean N H3 levels are generally higher than 
ambient levels reported in other work et 
2001; Walker et al., Some of the Phase-I sites 
located le;s than 2 km from the neare;t hog CAFO 
had lower than expected mean N H3 levels. This 
could be due to their placement in low emission 
density counties. 

We placed all Phase 11 passive samplers in high 
emission density countie;. This factor in conjunc
tion with their close proximity to not only the 
nearest CAFO but a cluster of operations within 
less than 1 km may explain why the mean N H3 

concentrations obtained for each site at distances 
near or le;s than 1 km (4-49 ppb) during Phase-I I 
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Table 2 
Arithmetic average (mean) of the weekly NH3 (ppb) concentra-
tions obtained for each site during Phase I 

Site Distance (km) Mean Site Distance (km) Mean 

0.71 7.38 11 1.01 7.92 
2 1.12 6.28 12 0.9 6.65 
3 0.56 10.36 13 3.63 4.23 
4 1.93 5.51 14 0.2 19.59 
5 0.25 21.09 15 0.46 8.64 
6 2.1 5.00 16 0.694 4.80 
7 1.18 4.91 17 1.91 11.25 
8 4.77 5.20 18 0.644 8.42 
9 0.958 9.57 19 0.527 7.34 

10 4.92 6.77 20 1.29 7.45 

Distance represents distance from each NH 3 monitoring site to 
nearest hog CAFO. 

Table 3 
Arithmetic average (mean) of the weekly NH3 (ppb) concentra-
tions obtained for each site during Phase 11 

Site Distance (km) Mean Site Distance (km) Mean 

1.01 10.54 13 1.26 4.6 
2 1.02 7.91 14 0.53 8.81 
3 1.01 9.13 15 1.8 11.56 
4 0.79 20.11 16 1.01 4.25 
5 0.81 19.48 17 0.44 36.63 
6 0.84 21.51 18 0.45 32.12 
7 1.12 10.59 19 0.48 48.95 
8 0.69 8.56 20 0.48 32.12 
9 0.64 18.17 21 1.83 11.57 

10 0.2 20.37 22 1.8 12.64 
11 0.21 23.2 23 5.94 3.34 
12 0.56 9.57 

Distance represents distance from each NH 3 monitoring site to 
nearest hog CAFO. 

sampling were higher than the mean concentrations 
obtained during Phase-I sampling for the same 
distance range (7-21 ppb). In addition, Phase-I I 
sampling occurred mainly during the summer when 
the concentrations at or near animal operations are 
typically higher than the concentrations in the fall, 
winter and spring months (Walker et al., 2004; 
Robarge et al., 2002; Pryor et al., 2001; Lefer et al., 
1999; Langford et al., 1992; Asman, 1998). 

The mean and maximum concentration (not 
shown) for each of these sites can be used to infer 
that human populations in the surrounding area 
may be exposed to appreciable amounts of ammo
nia released from nearby hog CAFOs, which creates 
a relative index of exposure. The relative index of 

exposure is further influenced by the location of 
community locations (i.e., homes and schools) 
proximal to clusters of hog CAFOs at distances 
less than 2 km. The results from Phase-I I sampling 
demonstrate the strength of the relationship be
tween distance to the nearest hog operation and 
atmospheric ammonia concentration. The mean 
atmospheric N H3 concentrations were generally 
higher than the concentrations obtained for sites 
during Phase I-sampling because of the placement 
of the monitoring stations in high emission density 
counties such as Greene and Duplin. 

Sites 10--11 (Greene) 2) and 17-20 
(Duplin) 3) were located at distances less 
than 0.5 km from the nearest operation. Sites 10 and 
11 both located approximately 200 m from the 
nearest hog CAFO had mean concentrations of 20 
and 23 ppb, respectively, and a combined concen
tration range between 12 and 47 ppb. These sites 
had elevated concentration levels that were appre
ciably above ambient background levels. The 
location of multiple hog operations in close 
proximity to sites 17-20 resulted in the highest 
levels of atmospheric ammonia observed during 
data collection. Sites 17-20 were placed at a 
residential location with multiple hog operations 
less than 0.5 km from the collocated passive 
samplers. The mean concentration for the pooled 
data of these sites was 28 ppb and the concentration 
range fell between 4 and 81 ppb. 

Conversely, Phase-I sites located at distances 
greater than 2 km from an industrial hog operation 
(sites #6, #8, #10, and #13) 2) were 
designated as "less-exposed" sites. Due to their 
distance from an emission source, these sites were 
located in low emission density counties with lower 
numbers of hogs raised in a confined environment 
than in Duplin and Greenecounties. The NH3 data 
for these "less-exposed" sites indicate on average 
there are lower N H3 levels at community sites 
located at greater distances from industrial hog 
operations. Moreover, human populations that 
reside at distances greater than 2 km from an 
industrial hog operation may have a lower risk or 
frequency of exposure to atmospheric ammonia 
when they reside in communities, attend school or 
travel to receptor locations in counties with a low 
density of operations (i.e. sparse hog population). 
Even though ammonia emissions released to the 
atmosphere undergo dry or wet deposition, as well 
as transformation processes, these processes do not 
completely eliminate atmospheric concentration of 
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ammonia down to ambient levels (1-3ppb) for site; 
that are more than 2 km from the CAFO source in 
countie; with low emission density as expected. 

2 and 3 reveal that the distance-to-the
closest-farm curve doe; not decline quickly either 
for Phase-I or Phase-I I data. This re;ult leads us to 
believe that in areas similar to Eastern NC, the 
pre;enceof a high density of CAFOs in a region will 
have a cumulative effect and re;ult in higher 
background levels of atmospheric N H3 than agri
cultural regions with few operations. Therefore, we 
believe the density of hog CAFOs is equally or a 
more important determinant of atmospheric N H3 

levels than distance to the neare;t CAFO. This 
supposition is further validated by the fact that we 
found a high background level even at site; that we 
located far from hog CAFOs. The implication of 
the;e findings (see Section 4) is that we expect a 
regional increase of atmospheric N H3 across high 
emission density countie; where no re;ident is far 
from any hog operation, so that the density of hog 
operations is a critical component of any interven
tion to minimize community exposure to N H3 . 

However, in state; like Iowa, Oklahoma and 
Minnesota, where ammonia emissions are reduced 
by the use of deep pit building systems and 
alternative waste management technique; instead 
of the uncovered lagoons used at most NC 
operations (Iowa ( this 
supposition may not hold true. Therefore, the 
re;ults in Eastern NC may have limited general
izability to areas in hog production state; that use 
alternative waste management systems. 

3.3. Regre;sion of weather variable; and source data 
vs. N H3 concentration 

Stepwise regre;sion was used to examine the 
relationship between meteorological, source-related 
terms, and measured ammonia concentration for 
Phases I and 11. The deployment average; collected 
for 40 weeks were pooled for each variable and 
analyses were run in SPSS 10.0. Table; 4a, 4b, Sa 
and Sb show the stepwise regre;sion models and 
coefficients for Phases I and 11. 

The Phase-I model only explained a small portion 
(21 % ) of the variation of the N H3 concentration. 
This model was an improvement over the regression 
of N H3 using only Phase I meteorological variable; 
which only explained 3% of the variation (not 
shown). The source-related variable; provide in
formation on the major source of ammonia near the 

Table 4a 
Stepwise regression coefficients for Phase I 

Model R2 R2 change 

1 0.062 0.062 
2 0.099 0.037 
3 0.187 0.088 
4 0.211 0.024 

Model 1: Constant+ D ISCLOSF. 
Model 2: Constant+ D ISCLOSF + LIVEWT. 
Model 3: Constant+ DISCLOSF + LIVEWT +SUMAN2KM. 
Model 4: Constant+ D ISCLOSF + LIVEWT +SU MAN2KM + 
AVGTEMP. 
R2: Amount of NH 3 variation accounted for by the model. 

Table 4b 
Final regression model coefficients for Phase I 

Variable Beta coefficient 

Constant (B0) 11.6 
Distance from each NH3 monitoring L 6.20 
station to the nearest industrial hog farm 
(DISCLOSF) 
Steady state live weight of nearest hog 1.40J 10' 5 

CAFO to NH 3 monitoring station 
(LIVEWT) 
Sum of the number of hogs on all of the L 7.20J 10' 4 

industrial operations located within a 
2 km radius of each N H3 monitoring 
station (SUMAN2KM) 
Average temperature (AVGTEMP) 0.30 

passive monitoring stations which was assumed in 
this work to be industrial hog operations. The 
inclusion of the source variable; greatly improved 
the regression models. For example, the R2 in
creased from Phase I to Phase 11 (21-43%) because 
during Phase 11 most of the site; were located less 
than 1.5km from the neare;t CAFO and sampling 
occurred only in high emission density countie; 
during the summer when N H3 levels should be the 
highe;t. Many of the Phase-I site; were located 
greater than 1.5 km from the neare;t hog operation 
in low emission density countiffi. Le;s ammonia was 
available for sampling and lower mean N H3 levels 
were obtained. 

Live weight acts as an important predictor of 
N H3 (Walker et al., 2004, 2000a, b; Dragosits et al., 
2002) and has similar Beta coefficients for Phase I 
and 11 data. However, the distance to closest farm 
variable is only present in the Phase-I model and not 
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Table Sa 
Stepwise regression for Phase 11 

Model 

1 
2 
3 

0.300 
0.381 
0.411 

Model 1: Constant+ LIVEWT. 
Model 2: Constant+ LIVEWT +WDMAXWS. 

R2 change 

0.308 
0.087 
0.036 

Model 3: Constant+ LIVEWT +WDMAXWS+ AWS. 
R2 : Amount of N H3 variation accounted for by the model. 

Table Sb 
Final regression model coefficients for Phase 11 

Variable Beta coefficient 

Constant (Bo) 15.3 
Steady state live weight of nearest hog 1.20J 10' 5 

CAFO to NH3 monitoring station 
(LIVEWT) 
Wind direction of maximum wind 6.70J 10' 2 

speed (WDMAXWS) 
Average wind speed (AWS) L 7.00 

the Phase-I I model. This may be explained by a 
spatial gradient during Phase-I sampling (several 
sites located 2 or more km from the nearest CAFO) 
while only one site was located 2 or more km from 
the nearest CAFO during Phase-I I sampling result
ing in no spatial gradient. Monitoring sites located 
in close proximity to hog CAFOs during Phase 11 
indirectly controlled for distance and helped to 
exclude it from the final model. 

Temperature, which was previously demonstrated 
to control atmospheric N H3 levels et al., 

Walker et al., b; et al., 
Lefer et al., 1999) was included 

in the Phase-I model and not the Phase-I I model 
because passive sampling occurred during fall, 
winter and spring months. Phase-I I sampling only 
occurred during the summer months, giving no 
appreciable temperature gradient and the variable 
was dropped from the model. If Phase I I-sampling 
occurred from summer 2004 to spring 2005, we 
believe the temperature variable would have had a 
greater chance of inclusion in the final model. In 
addition, Phase 11 regres.5ion model shows that wind 
speed is an important variable. The model indicates 
as wind speed increases, there is more mixing and 
dispersion and les.5 ammonia at the community 

level. This relationship between wind speed and 
pollutant level has been established previously 

et al., 
Rabaud et al., 2001). 

regres.5ion model, SUMAN2KM 
(sum of animals within 2 km) has a negative value 
for its regres.5ion coefficient. Since we controlled for 
live weight (which has a positive regres.5ion coeffi
cient), this means that for a given live weight more 
animals produce les.5 N H3 , or put in other words, 
that smaller animals produce les.5 NH3 per unit 
weight. This does not neces.5arily follow the usual 
wisdom, and therefore this observation will have to 
be studied in more detail. It could be that the 
number of animals captures some confounding 
effect not accounted for in our model (i.e. this 
relationship could be more representative of varia
tion at the farm level when animals are present on 
the operation vs. when they are not present on the 
operation or type of operation (i.e., farrowing, 
feeding, finishing). Unfortunately, the inclusion of 
both live weight and number of animals may limit 
the generalizability of this model to other hog 
production regions. 

The regres.5ion analyses indicate that there is a 
positive relationship between wind direction and 
N H3 . An explanation is N H3 sampling occurred in 
an area with multiple sources. While the nearest 
source does have an impact, we cannot ignore the 
overall elevation of ammonia in the sampling area 
due to the contribution of multiple sources. 

et al. used loess regres.5ion to 
develop model for a site surrounded by several 
CAFOs and found N H3 would be highest when 
wind direction was near 2781 (blowing from the 
northwest). These results emphasize the importance 
of wind direction in relation to source strength (one 
or more sources) and highlight the potential use of 
N H3 as a tracer for CAFO pollution based on 
relative wind direction. 

The regres.5ion analyses reiterate the importance 
of hog CAFOs as the primary source of N H3 

emissions released to the local environment in 
Eastern NC. Walker et al. (2000a, b) support the 
role of animal population in determining N H3 

variation and therefore supports the inclusion of 
L IVEWT in the regression model. The distance, 
direction, and population of an industrial hog 
operation contribute to potential exposure including 
frequency and duration for humans at community 
locations contiguous to the operation or a hog
densified area. 
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4. Conclusions 

The purpose of this paper was to answer the 
question: What are the variables that explain N H3 

variation at the community level? The distance 
stratification results 2 and 3) demonstrate 
how concentration changes over space as a function 
of distance. These results are the best results of this 
study and provide the strongest evidence that 
answers the above question: distance to one or 
more CAFOs is the key variable in controlling 
atmospheric N H3 at the community level in Eastern 
NC. The results also show that the passive diffusion 
method was successful at measuring N H3 at the 
community level. 

The results suggest that maximally exposed 
populations in Eastern NC (average exposure 
levelsX 10 ppb) will live in environments character
ized by one or more hog CAFOs ( o 1-5 km away) 
and above-average levels of hogs measured by either 
CAFO density, hog population density, etc. at the 
county level. These conclusions are supported by 
the regression results. Distance to the nearest 
CAFO and SSL W were shown to be strong 
predictors of N H3 concentration. Meteorological 
parameters such as temperature, wind speed and 
direction were found to be good predictors of 
ammonia as well. The low reported R2s for Phase I 
(21 % ) and Phase 11 (43%) could be an effect of 
geographic or temporal differences in the weather 
variables, measurement variability, or an increase in 
the regional background levels of atmospheric N H3 . 

High baseline levels limit the effect that individual 
variables such as wind speed and direction, tem
perature, humidity, etc. have on N H3 levels at the 
regional scale. However, these findings are consis
tent with other studies that have examined or 

the influence of source terms 
b; Fowler et 

and weather variables 
et al., 

The results also support the theory that zones of 
exposure exist for human populations who live near 
industrial hog operations in Eastern NC. These 
zones are a function of distance from the emission 
source where frequency of exposure over time 
increases the closer a community location is to the 
source (as shown in 2 and 3). Human 
populations residing at locations with a density of 
operations within close proximity (2 km) could be 
exposed to very high levels of ammonia, up to 40 
times higher than normal ambient levels (1-3 ppb). 

As started earlier, we believe that the density of hog 
CAFOs is a critical emission factor belying the 
effectiveness of nuisance and public health policies 
focusing on individual facility setback distances 
from homes and schools. Furthermore, this finding 
may indicate the potential ineffectiveness of setback 
distances even where hog facilities are low density, 
but clustered. 

These findings are crucial for the development of 
an exposure zone theory to model hog CAFO 
pollution in low and high emission density counties. 
The challenge of developing such a model is to 
identify variables controlling important fate and 
transport mechanisms for which data is currently 
available or attainable through more research. Our 
findings indicate that currently available data exists 
for (a) distance to the location of CAFOs, (b) live 
weight, (c) wind speed and wind direction, and 
(d) temperature. We recommend that future model
ing approaches combine both mechanistic modeling 
of key fate and transport mechanisms (e.g. additive 
plumes arising from each CAFO, etc.) to account 
for the general characteristics of the spatiotemporal 
distribution of N H3 in regions with high emission 
density, as well as geostatistical processing of N H3 

monitoring data to account for other random space/ 
time processes for which data is lacking. The aim of 
such future work will be to model the effect of the 
density of CAFOs and their emissions, which this 
work points to as being a critical concern for 
chronic community exposure to hog CAFO air 
pollution. It is not just how far CAFOs are from a 
residence, but also what is the density of CAFOs in 
that community. 

We expect this paper and additional work on the 
spatiotemporal variation of human exposure to 
atmospheric ammonia to help fill the gap between 
the work to monitor N H3 and related odors at or 
near the CAFO property and limited number of 
environmental epidemiology studies performed 
in exposed communities. The linkages between 
the two are obvious for populations negatively 
affected by chronic exposure to intermittent levels 
of NH3 and other hog CAFO pollutants. It is 
important that rigorous scientific inquiry examines 
this chronic exposure and the efficaciousness 
of buffers between CAFOs and residences and 
schools to improve quality of life and protect public 
health. Data from these studies will provide a 
clearer picture of the burden that hog CAFOs have 
on nearby communities and support legislation 
needed to redress the health and quality of life 
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burdens that hog CAFOs have on exposed human 
populations. 
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Environmental Injustice in North Carolina's Hog Industry 
Steve Wing, 1 Dana Cole,' and Garv Grant2 

01a,em11010,Qv. School of Public Health, 
Carolina, USA 

111:un,1:u 1985 and 1998 North. Carolina 
moved .from fdi:eenth to second in hog pre:,.. 
duction among U.S. state$, with approxi• 
marely 10 miJUon head outnumbering the 
state's human population .of approximately 
7.S million (7,.9,). The expansion of produo
don has been accompanied by a declining 
number of operations and an increasing 
average size of operations (/fl'/. In 1998, 
market prices for hogs dropped. to their low~ 
est levels since the 1920s, which accelerated 
the demise of smaller independent produo
ers. Most hogs are now produced by opera~ 
tors who work under contract to co.rporate 
integrators, which provide the management 

to as conctmt:<1 
ing operations (CAFOs), thousands of hogs 
are housed in large buildin£P, Waste is col
lected in cesspools for anaerobic: dec:omposi• 
don and is subsequently sprayed. on fields. 
Airborne emissions from confinement houses, 
cesspom1i and spray fields contain ammonia, 
hydrogen sulfide, hundreds of volatile organic 
compounds, dusts, and endotoxins. These 
mixtures, which cause respiratory dysnmaion 
in hog confinement~house workers (15-28) 
and possibly lower level symptoms in nearby 
residents (29,3()), are highly obnoxious odor
ants that affect qualiry of life (29-3.t) and 
may be associated with mood disorders and 
lowered immune func:rion (32,33). 
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CAFOsare 

Materials and Methods 

1. The identification of swine CAF011 from the 

226 

ED_001369_00043711-00379 



It was therefore of interest ro determine the 
extent to which excess nw:nbc:rs opera-

Results 

ope1rat1.ons was ~ l 
accounted for 14.7% of the ol'.)l;:rat1.ons 
44.4% of the SSL Win the state. 

The&00~ra1Jn1cd1S1:r1b1uric1n 

North Carolina 

0.02 lo< 0.10 

Total 

March2000 

and locations of intensive 1998. 

1998. 

277 11.0 20J! 1,4 
583 23,2 91,6 
708 268,2 
577 

14.7 639,1 40 
100 100 

of persons poverty in North Carolina, 1990, 181 The number of block groups in 
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million are found in the lowest 
well-water use. Almost half of all 
are located in block where > 85% of 
households 

(Al Tile percem:11,(le 
in each category 

Table 2. Characteristics and water source. 

4.7 17.5 4!16.8 
1,069 22!i 100.6 447.0 

966 9.4 284.9 486.9 
13.6to<2LO 835 930 11,3 82.1 850 503.6 592.5 
21.0to100 836 853 9.4 90.5 811 534.3 658.8 

Nonwhite (%l 
Oto<:2.3 835 840 7.3 114.5 123 48.0 390.2 
2.3to<:9.3 835 1.048 6.3 165.2 165 78.1 473.6 
9.3to< 20.8 836 1,039 8.0 129.5 623 306.2 491.5 
20.8 to< 44.2 835 t.103 10.5 105.5 820 496.5 604.3 
44.2 to 100 836 907 9.9 91.7 783 513.0 655.1 

Well water (%1 
Oto< to 835 897 0.7 1,315.4 5 1.2 246.0 
I.Oto< 16.4 835 1,068 3.4 314.4 185 9U 495 .. 1 
16.4 to < 46.1 836 1,039 8.3 124.5 386 205.9 533.4 
46.1 to<85.5 835 1,020 12.7 80.5 734 450.5 613.7 
85.5to 100 836 914 17.0 53.9 1,204 69Ul 574.4 

Total' 4,177 4,937 42.1 117.4 2,514 t44!1.8 573.1 

"S11m for each variable. 
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Figm 6. IA) North Carolina population density, 1990.18) The number of block groups in each category of 
population density. 

Environmental Health Perspectives • Volume I 08, Number 3, March :2000 

to 
L9to5.3. 

Discussion 

FiglD II, Number of operations. per block group in 
relation to population density. 
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i:1.amstea ore,va1enc:e ratios• of the 
per block group for block 

by poverty and nonwhite 

CAFOs per block group for of 

increase in 
This was conducted 

block groups as the units of 

most recent group available are 
more recent economic dara from 

sources ace not ava1Jab,le with this level 
RCOIU<li>tm: detail. In any case, 1990 is an 

for which to measure socioe
of the 

in the 

We oei1em:iea on data from the 
for mr,omnat1on on the locations and charac
teristics of intensive u ···""'""' op,erat101ns in 
.-.,,,. "·"" 1998. Because a moratorium on 
the construction of new industrial opiera1,im1s 

the North Carolina 
1997 and has not yet 

mt,orn1at11on from 

11re1111lene11 ratios' of the numbers of hog CAFOs per block of poverty 

Quintile 

Ill 16 .. 2 

20J 

• Environmental 
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Intensive Livestock Operations, Health, and Quality of Life among Eastern 
North Carolina Residents 
Steve Wing and Susanne Wolf 

exposures could occur through inflammato.
ry,. immunologic, irritant, neuroch:emical, 
and psychophysiologic mechanisms (5.). 

In contrut to the many stUdies of o«.upa
tional exposures of swine confmemenr-house 
workers (.9-25.), only a few field stUdies have 
investigated the health dfects of lower level 
environmental exposures. In a study of resi
dents near hog facilities in North Carolina, 
Schiffman et al. (26) reported dlat penon11 
exposed ro odors from intensive hog opera
tions experienced "more tension, more 
depression, more anger, more fatigue, and 
more confusion" than a group of unexposed 

mental health svn1ptcims 
the Nonh '-"'"'"'"' 
aes1tgm:a to evaluate symptoms 

were present. 
addressed a number of 

ore·v1rn,1s research. Unlike 
vo11mtc:ers. the was drawn 

systematically from defined populations. To 
increase the levels of participation and pre
vent exclusions based on literacy or the abili
ty w participate in a longer study, we did not 
ask paro.clpants to keep a diaty or respond to 
questions at the times that airborne e.tnimons 
from livestock operations were noticeable. 
Instead, we asked questions about the num
ber of times that participants experienced the 
symptoms: of intetest during the previous 6 
months. Because mood disturban.ce and 
mental health el:Feet$ may be acute respoD11eS 
to the presence of odors, we focused on phys
ical health and quality of life rather than on 

Environmental Health Perspectives • VOiume I 08, Number 3. March 2000 

Hill, Hill, North Carolina, USA 

a ditte:rent kind 
l!VC:Stock. and also offered a second com

con11m1,:uuty that may share other 
common to communities with 

intensive livestock proam;tton. 

Materials and Methods 

Public 
North Carolina, 

27599-7400 USA, Ul1:pflc~ne: 
Pax: (919) 966-2089. saw,e_wi,nd!'Uflc;edu 

We thank the wmmwiity organl· 
UJdons, without whom this raearc:h would noc 
have been fl(lflible. We al!IO 1hankJ. Emery for the 
coordinadon of fidd work, E. Gi:egory for analyti
cal programming 1111d data management, and It 
Avery, M. Garvin, md S. Jackson for interviewing 
community residents. 
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were enumerated. 
was noted on an 

and was a 
Information on street road location and 
the was entered into a com-

on 
comm.unity members who had experienced 
exposures from intensive live$tock opera-
tions. In. addition to :symptoms idendfted by 
previous stUdies or commu.nity residents as 
hossibly related to airborne emissions from 
1vestoek operations, we included symptoms 
that we did not believe would 'be .related to 
airborne emiaions to evaluate the possibility 
that residents of exposed communities might 
report exc:enes of all types of symptoms 
because of negati:ve feelings about intensive 
l.ivesrock operations. The quesdon.naire was 
designed to obtain information about the 
frequency of occurrence of each symptom 

234 

aspects the environ-
have affected their own 

health or rhe of others in rhe house
hold. lntmiewers took notes to summarize 
the of res1,on.ses. At the end of the 

Table t Cl11m1ct11ristics listed 

Characteristic one 

Inhabited houses 104 
Households 
Not 29 
Rescheduled 01 not contacted 

interviews 50 

Table 2. Ch11ract11ristics of 

Ch11raeteristie 

White 

SeK 
Female 31 (621 
Male 19(3B) 

Smoking 
Yes 141281 
No 361721 

Employed outside of the home 
Yes 261521 
No 24(48) 
Not completed 0101 

Number in hoosehold 
1 12(24) 
2 21 (421 
3'-4 121241 
5-12 5(10) 

Total respondent'$ In) 5011001 

116 92 312 
2 3 

44 92 
14 10 29 
50 55 155 
6 5 26 

10.7% 14.4% 

compltted 

49(981 

33(66) 36(651 1001651 
17(341 19(351 55(35} 

131261 71131 34(22) 
37(74) 4B(B71 121 (78) 

15(301 34(621 75148) 
34168) 21 (38) 791511 

1121 0101 1111 

81161 3151 23(151 
21142) 20(371 62(401 
15130) 15(271 42(27) 
6(121 17 (31) 28(18) 

50(100) 55000) 155(100) 
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mation was recorcled on 
These households were 
Households were visited sequen1t1ally 
the enumeration 

7.8 9.4 
7,2 8,8 
3.9 
4J 3,4 ll.7 
0,9 4,7 
5.5 
2,2 4,4 

5.!I 
3} 6.3 

7,0 
4.9 

u 
!i.2 

Heartbum 5,2 
4.8 

2.8 4.1 5.5 
1.7 4.3 

3,8 
9.5 
4,4 

2.0 
0.1 

nu 17.2 
12.8 10,5 
8JI 5,4 u 
5,5 5,3 4.i 
7,4 2,0 
3.4 i.6 2J 
2.3 t2 
1104 0.04 

"N11mll11r 111111 p11rc11nt111111 of r11spo11d1111ts 111111Weri1111 110meti11111s (1-,3 time!l/mcmlhl, 111t&11 11/weekl, and very often 
times/week ov11r Ille number of episodes per person over & moolhi., 

3, March 2000 

Results 
Table 1 shows the numbers 
enumerated and 
hm1Sel1ohis were within 
sive livestock OD<!rat1on 
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conmumny, as com
one:-nt1tn in the other two 

r .. n.nrr.•t1 not able to 
open windows or go ourside, even in nice 

~ 12 times over last 6 months. 

Table 4 presents the resulrs the lin: syll:ll)t(>IDS '-'JllfUUI.UU.lUVU, Discussion 

t57 0.52 7.1:12 2.94 2.60 
1.33 2.Bfl 0,47 2.97 2.79 1.05 
126 2.44 0.52 5.18 2.37 2.18 
·0.42 2.19 ·OJ9 t99 2.13 0.93 

1.52 U2 3.64 U8 2.45 
·t07 2.28 ·0.47 -0.79 2.22 ·1135 

us LOS 2.09 U5 U4 

0.56 2.65 3.91 2.57 1.52 
2.15 2.05 1.04 4.74 2.36 

•i.62 2.66 ·0.74 2.59 ·0.29 
U5 2.05 0.70 1.37 2.02 0.68 

-0.63 2.05 -0.31 -0.50 t99 -0.25 
·t07 ·2.57 2.09 ·123 

Heartbum 2.35 2.1!6 0.82 t94 2.78 OJO 
2.20 0.52 3.46 :us l.111 
2.02 0.46 3.03 1.96 1.55 

In contrast, there were -0.92 1.44 -0.64 2.96 1.39 2.13 

ferences more than two 2.47 -0.56 5.58 2.42 2.31 
as to the rearing eyes -1.70 3.24 -0.52 0.64 3.16 0.20 
average number of episodes was Ory/scaly skin 1.85 2.81 0.66 2.67 2.74 0.96 

most consistently elevated for upper re.spin· Skin rash or irritation 0.54 1.72 0.31 2.28 1.67 t36 
tor:y and sinus conditions, gastroin.testinal Skin redness ·1.25 1.01 ·1.23 0.12 0.99 0.12 

Miscellaneou, 
conditions, and skin or eye irritation. t· Joint/muscle pain ·0.22 4.03 -0.06 1.22 3.93 0.31 
Values for headache, runny nose, sore throat, Unexplainably tired ·3.43 3.78 ·0.,91 0.76 3.88 0.21 
excessive CO\~clng, diarrhea, and burni.ng Shirred vision "4.67 3.14 ~us 1.25 3.07 0.41 
eyes showed t residence in the hog com- tliny/faint ·122 2.17 ·0.56 ·1.32 2.11 -0.63 
munity was an .important pred.ia;or of these Hearing problem$ -6.44 2.50 •2.57 -3.58 2.44 •1.47 
physical health symptoms. t.n contrast, none Chest pain ·2.30 1.32 •1.74 ·D.35 1.29 .0.21 

fever/chills ·1.32 1.04 ·1.27 •0,39 1.02 .0.38 of the miscellaneous symptoms showed Fainted ·0,18 0.86 -0.20 t02 0.84 1.21 
important excesses in the hog community. Quality of life 

Responses to the quality-of~life questions Can't open windows •t.33 2.88 -0.46 14.14 2.80 5.26 
were veey different in the control and cattle Can't go outside -0.79 2.38 -0.33 12.,73 2.32 5.47 
communities as compared to the hog com• 'Oiffe;renct in lh, 11111r111111 number of e;plsodN batwt1111 com111u11ilies With and without livestock operations. adjullld fof 
muni.ty. The adjusted number of episodes sex. 11111, smoking. and work outside of Iha home • .tot tht P•collffici1nt. 
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of life among co1:nn11.11111ry residents in 
'"""'.,"''" dm focused on 
effects of airborne emissions 

11v1~src1c1< v1.""'"'·"'"'~· The 

Table 5. Problems that affect respcmdents' own 
life or health. 8 

livestock odor lean 't 0 

0 0 

0 0 

4 

3 

2 

·Has the environment aro11od 
and health?" 

feeli about the dii:a of me ope:ratl(>tt 
their liv,es imd their cornmun:1ry. 
we were careful to present me as a rural 
health survey, not as livestock and hea!rh 

and we did not any quemo11s 
reretred to 

Tallle &. Problems that affect family members' life 
or health. 11 

March.2000 

0 
3 0 

0 

4 

4 

4 

•was the 11m1ironme11t 11ro1111d 
or 1111111!11 of other member:; 

and more numer
cor1se<111e11t1Y heavier air

borne emissions. u11tte1:ences t'!e1:we:en the 
uvc"•"'·" and control communities may also 
have been reduced because of ex~1os11res to 

row 
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II. Swi11ker M, Human llellilh effects ol hog waste. N C Med 
J 59:l!l-lll 0119111, 
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Mtd 11:17-2!i !199CI, 
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Eoviro~me11ta1 am! health studi&s workers !11 
Swedish swine co11fim1ment builllings, 81 J Ind Mod 
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K, 1!111li110 M, Kllmmerm11y11r J, 
Potential health hazards to agricullllral workers in swine 

19:383-3111 !1!1111, 
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24. 

PfJ, van lier Gulden JWJ, 1'11111111 L Hellllerik 
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l111m1111 he1lth. In: 
(Thu I<. D11rrenl!1tra11r 
of NIIW York Pren, 111911. 
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Tile el!llcl of environmtntiil odors 11ma1111liflg from com· 
m11rcl11I swine 011 tilt mood of nearby res!· 
den!II, 
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To: 'We Act'Ualonne@weact.org] 
Cc: Lisa Garcia[lgarcia@earthjustice.org]; Tejada, Matthew[Tejada.Matthew@epa.gov]; Jon 
Jacobs Ujacobs@jacobsstotsky.com) Ujacobs@jacobsstotsky.com )Ujacobs@jacobsstotsky.com]; 
Benjamin F. Wilson (BWilson@bdlaw.com)[BWilson@bdlaw .com] 
From: Neil Gormley 
Sent: Tue 12/9/2014 8:23:06 PM 
Subject: RE: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, and 
EPA's Clean Power Plan 

ED_001369_00043722-00001 



From: Jalonne White-Newsome [mailto:jalonne.weact@gmail.com] On Behalf Of We Act 
Sent: Tuesday, December 09, 2014 10:21 AM 
To: Neil Gormley 
Cc: Lisa Garcia; Jalonne White-Newsome Ualonne@weact.org); Matthew Tejada 
(tejada.matthew@epa.gov) (tejada.matthew@epa.gov); Jon Jacobs Ujacobs@jacobsstotsky.com) 
Ujacobs@jacobsstotsky.com) 
Subject: Re: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, and 
EPA's Clean Power Plan 

Hello Neil, 

Hope all is well and looking forward to the 

Panel. I will be sending it out to the EPOC 

Listserv and our dMV coalition listserve ... 

I assume you might have sent it to the 

Mainstream lobbyists listserve? If not, I'll share 

It as well 

ED_001369_00043722-00002 



Also, how long would you like our comments 

To be since I'm sure the hour will go 

Pretty quickly! 

Thanks! 

Dr. Jalonne L. White-Newsome 

Please disregard any typos or errors due to texting 

Sent from my iPhone 

On Dec 1, 2014, at 2:11 PM, Neil Gormley wrote: 

ED_001369_00043722-00003 



From: Tejada, Matthew "'-'-"=~===~===='-'-, 
Sent: Monday, December 01, 2014 1 :57 PM 
To: Neil Gormley 
Cc:JonJacobs\J.IE!~~~~~~~~~,IJ.IE!~~~~~~~~~, 
Subject: RE: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, 
and EPA's Clean Power Plan 

ED_001369_00043722-00004 



To: Tejada, Matthew 
Cc: Jon Jacobs ==========:., UJ~~~~~~~~~'.'1.!J 

Subject: FW: December 11, 2014: Climate Justice: Overburdened Communities, Climate 
Change, and EPA's Clean Power Plan 
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From: Lisa Garcia 
Sent: Monday, December 01, 2014 12:25 PM 
To: Neil Gormley; Jalonne White-Newsome ======~, 
Subject: RE: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, 
and EPA's Clean Power Plan 

From: Neil Gormley 
Sent: Monday, December 01, 2014 12:20 PM 
To: Jalonne White-Newsome UfilQ!Jllfil!"!JYY_~~>m) Lisa Garcia 
Subject: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, and 
EPA's Clean Power Plan 

ED_001369_00043722-00006 



From: D.C. Bar Sections ~====~~=~=~====-"'-J 
Sent: Wednesday, November 12, 2014 5:10 PM 
To: Neil Gormley 
Subject: December 11, 2014: Climate Justice: Overburdened Communities, Climate Change, and 
EPA's Clean Power Plan 

<image002.jpg> 

Climate Justice: Overburdened Communities, Climate Change, and EPA's Clean Power Plan 

Join us for a fresh take on the most prominent environmental issue of our day, as our panel of environmental justice 
experts explore how climate issues disproportionately affect overburdened communities, and assess EPA's Clean 
Power Plan. 

Thursday, December 11, 2014 from 12:30pm to 1 :30pm 

CLE Credit: No 
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The District of Columbia Bar 11101 K Street NW, Suite 2001 Washington DC 20005 I 202-626-3463 

<image007.gif> 
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To: Tejada, Matthew[Tejada.Matthew@epa.gov]; Emma Cheuse[echeuse@earthjustice.org]; Ali, 
Mustafa[Ali.Mustafa@epa.gov] 
From: Stephanie Maddin 
Sent: Fri 4/10/2015 8:35:50 PM 
Subject: RE: EJSCREEN 

From: Tejada, Matthew [mailto:Tejada.Matthew@epa.gov] 
Sent: Friday, April 10, 2015 4:32 PM 
To: Emma Cheuse; Ali, Mustafa 
Cc: Stephanie Maddin 
Subject: RE: EJSCREEN 

From: Emma Cheuse .L'!.!~~~~~~'!,I_!!~~~~ 

Sent: Friday, April 10, 2015 4:30 PM 
To: Tejada, Matthew; Ali, Mustafa 
Cc: Stephanie Maddin 
Subject: FW: EJSCREEN 

ED_001369_00043724-00001 



From: Emma Cheuse 
Sent: Friday, April 10, 2015 4:23 PM 
To:==~=====--'-
Cc: Stephanie Maddin 
Subject: EJSCREEN 

Dear Administrator McCarthy, 

Please accept the attached letter, respectfully requesting that EPA publicly release EJSCREEN 
as soon as possible this year. 

Earthjustice's President Trip Van Noppen and leaders from 45 other national and local 
organizations have signed this letter. 

We appreciate your leadership on this important issue. 

Very best regards, 

Emma Cheuse and Stephanie Maddin 

Earth justice 

1625 Massachusetts Avenue, N.W., Suite 702 

Washington, DC 20036-2243 

T: 202.667.4500 

F: 202.667.2356 

earthjustice.org 
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To: 
From: 
Sent: 
Subject: 

Tejada, Matthew[Tejada.Matthew@epa.gov] 
Emma Cheuse 
Wed 6/17/2015 3:26:12 PM 
RE: letters for your signature 

The information contained in this email message may be privileged, confidential and protected from disclosure. 

If you are not the intended recipient, any dissemination, distribution or copying is strictly prohibited. 

If you think that you have received this email message in error, please notify the sender by reply email and 

delete the message and any attachments. 

From: Tejada, Matthew [mailto:Tejada.Matthew@epa.gov] 

ED _001369_00043726-00001 



Sent: Wednesday, June 17, 2015 10:02 AM 
To: Emma Cheuse 
Subject: Re: letters for your signature 

These are final so feel free to use as you see fit. 

Best 

M 

Matthew S. Tejada 

Director 

EPA Office of Environmental Justice 

(202) 564-8047 

On Jun 17, 2015, at 8:57 AM, Emma Cheuse 

T: 202.745.5220 or 202.667.4500 Ext. 5220 

F: 202.667.2356 

wrote: 

ED _001369_00043726-00002 



From: Tejada, Matthew ~=="'-===~====='-'-' 
Sent: Tuesday, June 16, 2015 6:41 PM 
To: Emma Cheuse 
Subject: FW: letters for your signature 
Importance: High 

ED_ 001369 _ 00043726-00003 



To: 
From: 
Sent: 
Subject: 

Tejada, Matthew[Tejada.Matthew@epa.gov] 
Emma Cheuse 
Wed 6/17/2015 1 :57:41 PM 
RE: letters for your signature 

If you think that you have received this email message in error, please notify the sender by reply email and 

delete the message and any attachments. 

From: Tejada, Matthew [mailto:Tejada.Matthew@epa.gov] 
Sent: Tuesday, June 16, 2015 6:41 PM 
To: Emma Cheuse 
Subject: FW: letters for your signature 

ED_001369_00043762-00001 



Importance: High 
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To: Mccarthy, Gina[McCarthy.Gina@epa.gov]; Title VI Complaints[Title_VI_Complaints@epa.gov] 
Cc: Jocelyn D'AmbrosioUdambrosjo@.e._g_(t_hi11_s..tiG.~LOf.QL.M.gf!g.ODJt_l;;.og_eLms.:1_o. __________________________ . 

,._.LadoJmenaelma.oladn.@.earlbiu.stic..e.prg];i Ex. 6 - Personal Privacy i 
i Ex. 6 - Personal Privacy : 'lbaiciwTn@waiiirk.ee-per·.-orgtf6aTdw-fn@waterfeiipeTorgfWooden-
, Aguilar, Helena[Wooden-Aguilar.Helena@epa.gov]; Tejada, Matthew[Tejada.Matthew@epa.gov]; HALIM

CHESTNUT, NAI MA[Hali m-Chestnut. Naima@epa.gov]; 'Daria. Nea l@usdoj.gov'[Daria. Neal@usdoj.gov]; 
'tom.reeder@ncdenr.gov'[tom.reeder@ncdenr.gov]; 
'christine.lawson@ncdenr.gov'[christine.lawson@ncdenr.gov] 
From: Alok Disa 
Sent: Wed 9/3/2014 11 :57:28 PM 
Subject: Exhibits to 09 03 14 DENR Complaint: Exhibits 39 - 45 

Dear Administrator McCarthy and Ms. Golightly-Howell, 

Attached please find Exhibits 39-45, which represent the second part of the second set of 
Exhibits to the Complaint submitted earlier today by Earthjustice on behalf of North Carolina 
Environmental Justice Network, Rural Empowerment Association for Community Help, and 
Waterkeeper Alliance, Inc. We apologize for forwarding these exhibits in batches and are 
forwarding hard copy versions by overnight mail for your convenience. 

Please feel free to let us know if these materials raise any question or if you have trouble 
downloading them. 

Sincerely, 

Alok Disa, on behalf of Marianne Engelman Lado and Jocelyn D 'Ambrosio 

Alok Disa 

Litigation Assistant 

Earthjustice Northeast Office 

48 Wall Street, 19th Floor 

New York, NY 10005 

ED_001369_00043778-00001 



T: 212-845-7386 (direct) 

F: 212-918-1556 

The information contained in this email message may be privileged, confidential and protected ji-om disclosure. 

Ifyou are not the intended recipient, any dissemination, distribution or copying is strictly prohibited. 

If you think that you have received this email message in error, please notify the sender by reply email and 

delete the message and any attachments. 
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Reviews • Cole et al. 

agents generated or carried by animals and 
their wastes has been largely limited to those 
in agricultural occupations (e.g., farmers, food 
processors, and veterinarians). Consequently, 
most reports of human-acquired disease 
from animal husbandry practices focus on 
occupational exposures. However, even in 
these high-risk groups, elucidating potential 
causative agents, dose-response relation
ships, disease mechanisms, and methods of 
control is problematic. 

In health-effect studies of gases and par
ticulates, it is difficult to identify the cause of 
occupational illnesses in the absence of specif
ic biomarkers. Similarly, determining which 
chemicals to sample to evaluate occupational 
exposures is complicated because it still is not 
clear which specific contaminants or complex 
mixtures are responsible for reported symp
toms, or even whether all the potentially 
harmful substances have been evaluated. 

Studies of occupational exposure to 
infectious agents associated with swine pro
duction are complicated by the natural his
tory of disease caused by agents of animal 
origin (zoonoses). The majority of zoonotic 
diseases that occur in people resolve without 
specific medical therapy and are not trans
mitted berween people (2 I). Consequently, 
large outbreaks or epidemics of disease do 
not usually occur with zoonoses. Even dis
eases that do require medical attention can 
be difficult to diagnose because the symp
toms are vague and nonspecific and because 
traditional human and veterinary surveil
lance systems are not equipped to detect 
many of them (22). Consequently, many 
diagnoses of this type are made only when 
there is increased suspicion on the part of 
the medical provider and when special 
requests are made of the diagnostic laborato
ry. Even when these requests are made, labo
ratory technicians unfamiliar with animal 
diseases may be unprepared for the diagnosis 
of zoonotic diseases. 

Detection of specific exposures and dis
eases in the communities surrounding swine 
CAFOs is even more challenging because of 
the additional complexities of environmental 
dispersion of agents and human exposure 
pathways. Furthermore, the susceptibility of 
community members to contaminants and 
pathogens may be substantially different 
from that of workers. 

To address some of these issues, we evalu
ate the evidence related to the adverse expo
sures and health effects found in occupational 
studies. Although more susceptible workers 
may leave their jobs because of adverse health 
effects, an assessment of the occupational 
exposures and associated symptoms may pro
vide a template for the approach that studies 
of potential community problems should 
take. We discuss the most likely routes of 

686 

community exposure to these hazards and 
the limitations of the published research. 

Identified Hazards of Swine 
CAFOs 

Air-Associated Contaminants 

In the 1970s, researchers described respirato
ry hazards for workers in swine confinement 
operations (23,24). Since that time many 
researchers from the United States, the 
Netherlands, Sweden, Denmark, Yugoslavia, 
and Canada have documented symptoms 
and begun to identify the contaminants and 
contaminant concentrations associated with 
the symptoms (2~40). Industrial hygiene 
studies have measured the concentration of 
contaminants in the air of swine houses, 
epidemiologic studies have documented 
symptoms in workers and contaminant con
centrations in air, mechanistic studies have 
exposed human volunteers to swine dust, 
and community studies have documented 
symptoms in residents who live adjacent to 
swine CAFOs. 

The primary airborne contaminants in 
swine operations can be grouped into three 
categories: gases and vapors, nonbiologic 
aerosols, and bioaerosols (24,41,42). Early 
occupational health studies focused on the 
gases and nonbiologic aerosols in the indoor 
air because their adverse heal th effects gener
ally were well documented and because there 
were recommended occupational exposure 
limits for these agents. However, bioaerosols, 
particularly endotoxins, have emerged as 
important agents in causing adverse respira
tory health effects in swine CAPO workers. 

Although the variety of adverse health 
effects associated with working at a swine 
CAPO is well documented, it is not clear 
which agents or mixtures are responsible for 
the symptoms. For example, health effects 
have been positively correlated with individ
ual contaminants such as ammonia, dust, 
and endotoxins, as well as combinations of 
these (38,43-45). Work practices have also 
been associated with symptoms seen in 
workers, such as the types and methods of 

feeding the animals, the use of wood shavings 
for animal bedding, and the use of disinfec
tants (39,46,47). Holness and Nethercott 
( 46) found that nasal irritation, coughing, 
wheezing, and dyspnea were frequently asso
ciated with floor feeding of hogs and that 
dizziness was frequently associated with 
working with liquid manure. The researchers 
suggested that the high dust levels in their 
study were because of floor scatter feeding, 
indoor feed grinding, and the use of high
moisture corn feed. 

Epidemiologic studies of workers in 
swine-production facilities have documented 
increases in morning phlegm, coughing, 
scratchy throat, burning eyes, wheezing, 
shortness of breath, and chronic bronchitis 
compared to individuals who do not work in 
these facilities (38,41,42,48). 

Gases and vapors. The primary gases and 
vapors of interest to health researchers 
include ammonia, carbon monoxide, hydro
gen sulfide, and methane. The major source 
of gases and vapors detected in confinement 
buildings is the manure contained in the 
storage pits beneath the flooring. The con
centrations of specific gases inside swine 
houses are not usually high enough to be 
toxic by themselves based on the OELs man
dated by the Occupational Safety and 
Health Administration (OSHA) and recom
mended by the American Conference 
of Governmental Industrial Hygienists 
(ACGIH) and the National Institute for 
Occupational ~afety and Health (NIOSH) 
(Table 1). However, these guidelines take 
into account economic as well as health
based considerations ( 49,5(/J. 

Ammonia's effects on the respiratory sys
tem include irritation to the eyes, skin, 
mucous membranes, and upper respiratory 
system. Ammonia is water-soluble and is 
absorbed in the upper respiratory tract; how
ever, if there are aerosols and high humidity 
present in the air, ammonia and other gases 
can adsorb onto the aerosols and be carried 
deeper into the lungs. At high concentrations 
hydrogen sulfide is an eye and respiratory 
tract irritant. Other chemicals used in swine 

Table 1. OELs for several agents that are found in swine house air and dust. 

Agent OSHA (2491 ACGIH (250, NIOSH (257) 
Ammonia 50 ppm TWA 25 ppm TWA 25 ppm TWA 

35 ppm STEL 35 ppm STEL 
Carbon monoxide 35 ppm TWA 25 ppm TWA 35 ppm TWA 

200 ppm ceiling 
Hydrogen sulfide 20 ppm ceiling 10 ppm TWA 1 O ppm ceiling 

15 ppm STEL 
5 ppmTWA8 

Particulates 
lnhalable dust 15 mg/m3 TWA 10 mg/m3 TWA 
Respirable dust 5 mg/m3 TWA 3 mg/m3 TWA 

Endotoxins None None 

Abbreviations: STEL, short-term exposure limit; TWA, time-weighted average. 
80EL proposed in 1999. 
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Reviews • Health effects of intensive swine production 

CAFOs that have been implicated in adverse In addition to these gases and vapors, 
respiratory effects and asthma include quater- thousands of vapors have been identified as 
nary ammonium disinfectants and disinfec- being responsible for the odors characteristic 
cants containing aldehydes (glutaraldehyde of swine CAFOs. Often the odors increase as 
and formaldehyde) or chloramine ( 47,51). the animal manure decomposes. Anaerobic 

Table 2. Odorous chemicals detected in swine house air and dust. 

Odor compound Odor characteristic Concentrations found Reference 

Organic acids 
3-phenyl-propionic Cinnamon Not quantified (52,22~230'} 
Acetic Pungent, sharp, vinegar 3.94-39.81 µg/m3 (231) 

267 µg/g dust (232) 
189 µg/m3 (233) 
Not quantified (52,229,230,234,235) 

Butyric Sweaty, rancid, sharp, dairy, 80 µg/m3 (236') 
cheese, butter, fruit nuance 0.26-11.02 µg/m3 (231) 

73 µg/g dust (232) 
318 µg/m3 (233) 
Not quantified (52.229,230,234,235) 

Caproic Goatlike, mild, sour, fatty 0.15-0.47 µg/m3 (231) 
10 µg/m3 (233) 
Not quantified (229,230,235) 

lsobutyric Pungent, rancid butter 47 µg/g dust (232) 
40 µg/m3 (233) 
Not quantified (229,230,235) 

lsovaleric Disagreeable, rancid cheese, 62 µg/g dust (232) 
sour, stinky feet, sweaty 49 µg/m3 (233) 

Not quantified (229,230,235) 
Laurie acid Heavy, stale Not quantified 152,230'} 
Phenylacetic Sweet, floral. swine 0.22--0.45 µg/m3 (231) 

Not quantified 152,228,230'} 
Propionic Pungent, disagreeable, rancid 0.12-13.08 µg/m3 1231) 

140 µg/g dust (232) 
156 µg/m3 (233) 
Not quantified (229,230,234'} 

Valerie (pentanoic) Unpleasant. sickening, putrid, 0.21-3.06 µg/m3 (231) 
fecal, sweaty, rancid 38 µg/m3 (232) 

35 µg/m 3 (233) 
Not quantified (229,230,235,237) 

Phenolics 
Cresols Medicinal. sweet, tarry 7.3 µg/m3 (236') 

1.17-2.09 µg/m3 1231) 
145 µg/g dust (232) 
39 µg/m3 1233) 
Not quantified (52,228,230,234,237,238', 

Ethylphenols Sweet, burned 1.97 µg/m 3 (231) 
13 µg/g dust 1232) 
Not quantified 152.229,235,231,240'} 

Phenol Sweet, tarry, burned 92 µg/g dust (232) 
23 µg/m3 (233) 
Not quantified I 52,229,230,234,235,237) 

Nitrogen-containing compounds 
Ammonia Pungent Not quantified (229,230,235) 
Dimethyl amine Pungent, fishy, ammoniacal 2,000 µg/m3 1233) 

Not quantified (237) 
Skatole (3-methyl indole) Fecal odor, nauseating Not quantified ( 52,22~ 230,235,237) 
Trimethyl amine Ammoniacal, fishy, pungent 2,000 µg/m3 (233) 

Not quantified (229,230,235,240'} 
T rimethyl-pyrazine Nutty, musty earthy, 0.45 µg/m 3 (236') 

powdery cocoa, roasted Not quantified 1230,234'} 
peanut 

Tetramethyl-pyrazine Sweet, musty chocolate, 0.09 µg/m 3 (236') 
coffee, cocoa, soybean, Not quantified (230,234'} 
lard, burnt 

lndole Strong moth ball. naphthelene, Not quantified (22~230,235) 
intense fecal, nauseating 

Sulfur-containing compounds 
Dimethyl sulfide Decayed vegetables, putrid Not quantified 1235,237) 
Hydrogen sulfide Rotten eggs Not quantified (229,230,235,241) 

Other compounds 
Hexanal Horseradish, green, fruity, Not quantified 152) 

aldehydic, fatty, sweaty 0.40-2.41 µg/m 3 1231) 
2-Hexenal Green plant 0.29-2.58 µg/m 3 1231) 

Not quantified (235) 

Environmental Health Perspectives • voLuME 1081 NUMBER 81 August 2000 

processes can release volatile fatty acids that 
may be more offensive odorants than ammo
nia or hydrogen sulfide. Studies show that 
the odorous com pounds in swine CAFOs 
are adsorbed onto dust particles < I 0 
microns in size (52). In fact, the odorous air 
inside swine CAFO buildings was odorless 
when a respirator equipped with a dust filter 
was used. When the small dust particles are 
inhaled they impinge on the moist warm 
mucous membranes in the nose and the 
volatile compounds are released-enabling 
the perception of odor. Researchers have 
proposed that the most critical factors 
involved in the release of odorous volatile 
organic chemicals from the dust particles are 
the sizes and concentrations of the particles. 
Table 2 shows characteristic odors for many 
of the compounds and presents concentra
tions that have been measured at swine 
CAFOs. The quantified concentrations of 
specific contaminants in air are considered 
low, and it is difficult to evaluate their signif
icance because there are few OELs and asso
ciated health effect studies for most chemi
cals at the level of odor detection. 

Organically derived aerosols. Nonbiologic 
aerosols generally consist of dust particles 
generated from feed, skin cells, hair, and 
dried feces. Acute exposures to high levels of 
dust may result in increased phlegm produc
tion and pulmonary inflammation 4-10 hr 
after exposure; these symptoms can last up 
to 24 hr. Chronic exposures may result in 
bronchitis and asthma. For industrial 
hygiene sampling, dust is separated into frac
tions ( total, inspirable, thoracic, and res
pirable) based on particle size and site of 
deposition in the lung. Total dust refers to 
all of the dust particles in the air that can be 
inhaled or captured on a filter. The 
inspirable dust fraction is a newer term that 
refers primarily to materials that are haz
ardous anywhere in the respiratory tract, par
ticularly in the head airway region. The 
thoracic fraction is dust that can reach the 
thoracic airways (past the larynx) or the gas 
exchange region. The respirable fraction 
refers only to the size fraction of aerosols 
chat reach deep into the lungs into the gas 
exchange region-past the terminal bronchi
oles. Current occupational exposure limits 
for dust are presented in Table I. 

Pickrell et al. (53) examined the size dis
tribution of aerosols in a swine confinement 
facility and found that when a certified dust 
mask was exposed to silica dust, I% of the 
dust with an aerodynamic diameter of 
0.6-1.0 µm penetrated the mask. However, 
when the same masks were exposed to swine 
confinement aerosols, there was 3-25% pen
etration of the sealed masks. The authors 
concluded that swine confinement aerosols 
may have a considerable size distribution 
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< 1.0 µm in diameter. Therefore, respirable 
aerosols may be an imponant size fraction for 
study in swine CAFOs. A cross-sectional 
study on respiratory health in swine produc
ers suggested that when workers used dust 
masks to prevent illness, there was a lower 
prevalence of chronic and work-related respi
ratory symptoms (54). Workers who used 
dust masks preventatively had better lung 
function indices than those who did not wear 
masks. However, if workers used dust masks 
because they were already experiencing symp
toms, their lung function was comparable to 
workers who did not wear dust masks. 

Bioaerosols. Bioaerosols are particles that 
contain endoroxins, bacteria, and fungi. 
Endotoxins are present in dusts as a pan of a 
bacterial cell wall or as fragments of whole 
bacteria. Endotoxins are fragments of the 
gram-negative bacterial cell wall that contain 
lipopolysaccharide as well as the other natu
rally occurring compounds in the cell wall. 
In the laboratory, the control standard for 
endotoxin is chemically pure lipopolysaccha
ride. When endotoxin is inhaled it can 
potentially cause chronic respiratory symp
toms (cough, phlegm production, and 
wheezing), pulmonary impairment, malaise, 
and fever (55-57). 

Bioaerosols from swine facilities contain 
several microbial agents but humidity, 
temperature, and oxygen content all affect 
their viability (58,59). Gram-positive 
bacteria are in the greatest concentration; 
Enterococcus accounts for 68-96% of the 
rota! bacteria (6(f). Total bacteria typically 
include 7-53% gram-negative bacteria 
(28,60,61), with only 12-40% of the 
gram-negative bacteria being adsorbed to 
respirable particulates (28,6(/J. These gram
negative bacteria are the most susceptible to 
inactivation by oxygen; therefore they are 
likely not viable in the environment. 
Evidence suggests that viruses are more stable 
on bioaerosols, and it has been proposed that 
influenza transmission may be amiburable, 
in part, ro bioaerosol deposition (58). 

Waste-Associated Contaminants 

Infectious agents. Swine-associated wastes 
such as manure, urine, and tissues are associ
ated with numerous microbial pathogens 
that can be potentially transmissible to 
humans. These wastes contain bacteria, 
viruses, and protozoa capable of causing ill
ness in humans even in the absence of physi
cal signs of disease in the swine. Organisms 
associated with the gastrointestinal tract of 
swine, such as Erysipelothrix rhusiopathiae, 
Yersinia enterocolitica, Salmonella species, 
Streptococcus suis, and hepatitis E virus, may 
be passed to humans by direct contact with 
either saliva or fecal wastes or by media cont
aminated with these materials. Alternatively, 
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contact with infected urine or tissues can 
result in transmission of organisms such as 
Leptospira or Bruce/la bacteria between ani
mals and humans. Some organisms, such as 
S. suis, influenza virus, and hepatitis E virus, 
have strains with varying infectivity to 
human hosts-some strains are species spe
cific and are not capable of infecting humans 
whereas others do not have such a limited 
host range. This complicates detection and 
control of these diseases in humans. 

Antimicrobial resistance. Some bacteria 
are naturally resistant to certain antibiotics 
and others develop resistance by mutation or 
acquisition from other resistant bacteria when 
subjected to the selective pressures exerted by 
antimicrobials (17-19,62'). Before 1950 bac
teria were largely susceptible to antibiotics 
(I 9) but resistance to tetracycline began to be 
reponed in bacterial isolates from market pigs 
in the United Kingdom starring in 1956 (63). 
Since then single- and multiple-resistance pat
terns to virtually every antibiotic have been 
found in bacteria, including Escherichia coli, 
Salmonella, Campylobacter, Enterococcus, and 
Staphylococcus (I 8,20,63-76). 

Antimicrobial resistance patterns can be 
transferred between bacteria, and disease 
does not have to occur in the host to transfer 
resistance (19,62'). The development of resis
tant strains of bacteria can result in increased 
infectivity and virulence of pathogens and 
reduced effectiveness of appropriate therapy. 
An example is the recently emerged multi
ply-resistant bacteria, Salmonella typhimuri
um DT104. This strain of Salmonella, which 
emerged in livestock in the United States and 
the United Kingdom in the 1980s, is resistant 
to five antimicrobials and is associated with 
higher morbidity and monaliry than antimi
crobial-susceptible strains of Sa. typhimurium 
( 64,77,78). Direct transmission of this 
organism from infected animals to their 
caretakers has been documented (78). 

Nutrients. Wastes also contain high 
quantities of many nutrients such as nitro
gen and phosphorous. In public health the 
most notable of these nutrients is nitrogen. 
Excessive nitrates in water continue to be a 
cause of methemoglobinemia (blue-baby 
syndrome)-an underrecognized cause of ill
ness and death in infants (79,8(/J. Some evi
dence suggests that methemoglobinemia is 
more likely when nitrate-containing water is 
also contaminated with bacterial species (as 
might be expected when groundwater is con
taminated with fecal wastes), because the 
bacteria convert the nitrate to nitrite, causing 
diarrhea in infants (7.9). In addition, animal 
studies and some human studies suggest that 
reproductive health effects such as central 
nervous system developmental defects and 
miscarriages may occur with excessive intake 
of nitrates (79,81). 

Occupational Health Effect 
and Exposure Studies of 
Swine CAFOs 

Air-Associated Contaminants 
Epidemiologic studies to evaluate respiratory 
and other symptoms in swine confinement 
workers usually compare swine workers with 
nonfarming control subjects and use ques
tionnaires, lung function tests, and occasion
ally sputum sample analyses of immune 
cells. Bacteria and endotoxins have been the 
primary contaminants measured when 
symptoms are compared with exposures to 
air contaminants, total and respirable dust, 
carbon dioxide, ammonia, hydrogen sulfide, 
and carbon monoxide. Table 3 lists the levels 
of contaminants found in the studies cited in 
this article. The OELs for gases and vapors 
(Table 1) were rarely exceeded in the studies, 
and slightly less than half of the studies 
exceeded the limits for dust. Furthermore, 
the nuisance dust standard may not be 
appropriate to apply to swine confinement 
workers because the dust in these houses is 
highly biologically active ( 44). Donham et 
al. (43) suggested that exposure guidelines 
should be reduced for total dust and ammo
nia-to 2.8 mg/m3 and 7.5 ppm, respective
ly. It is difficult to evaluate endotoxin levels 
because there is no established OEL. Various 
groups have calculated no-effect levels for 
endotoxins in several ranges: 170-180 
(43,55), 33 (82), and < 1-20 ng/m 3 

(83-87). These no-effect endotoxin levels 
are similar to the levels observed in nonagri
cultural and industrial buildings (88), but 12 
studies in Table 3 exceeded the highest no
effect level calculated (I 70-1 80 ng/ m3). 

Swine confinement workers have signifi
cantly more symptoms of chronic bronchitis 
and asthma (35,38,39,89) and more missed 
work days ( 43) than controls. Documented 
symptoms include wheezing, coughing, 
sinusitis, fever, chest tightness, nasal irrita
tion, phlegm, throat irritation, and sneezing. 
Some farmers also reported headaches and 
joint and muscle pain (61). Lung function 
indices of airflow are significantly lower 
(35,38,43,44) or no different (89) than non
farming controls. Swine workers had a sig
nificant elevation in macrophages in sputum 
samples, indicating signs of lower respiratory 
tract inflammation (89). 

Healthy, nonsmoking, previously unex
posed volunteers exposed to several hours of 
swine dust in a swine CAFO experience a 
variery of symptoms, including cough and 
nasal stuffiness (90-92), moderate chills 
(90-94), headaches (90-94), muscle pain 
(91,92,94,95), mental fatigue (91,95), 
malaise (93,97), and nausea (93). Third-year 
veterinary students who visited a swine farm 
for 3 hr reported eye irritation, headache, 
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granulocytes, neutrophils, and eosinophils) 
(89-91,93,94,97,99,100,103) and/or the 
proinflammatory cytokines (tumor necrosis 
factor-a) (94), interleukins (90,91,103), and 
other soluble indicators of inflammation 
(94,97,100'). An increase in these cells repre
sents an influx of inflammatory cells in the 
upper or lower airways. The release of 
cytok.ines may be associated with some of the 
peripheral effects in workers; for example, 
headaches, malaise, fever, and fatigue. In 
addition to lavages, blood can be analyzed for 
inflammatory cells, cytok.ines, and other solu
ble factors (90,92-95,97,99,103-106). 
Methacholine challenge can be used to evalu
ate bronchial responsiveness. Studies show 
significant increases in inflammatory cells 
and cytok.ines in the lavage fluids and blood 
and increases in bronchial responsiveness. 
Tables 5 and 6 show the inflammatory mark
ers in these studies. 

Infectious Agents 

Published repons of occupational disease 
from zoonoses are largely limited to case 
series and individual case reports. Because of 
the long history of known transmission of 
disease between humans and their domesti
cated animals, numerous accounts are anec
dotal and do not appear in the published 
literature outside of textbook descriptions. A 
recent study estimated the risk of zoonotic 
illness among farmers and found an associa
tion between increased reported illness and 
level of contact with different livestock ani
mals ( 107). Assisting sows with farrowing, 
for example, was associated with a relative 
risk of 6.61 for developing pneumonia com
pared to nonfarmer controls. As is typical of 
studies of this kind, the report could not 
confirm animal sources of infection. 

Seroprevalence studies are used most com
monly in epidemiology to document occupa
tional exposures to zoonoses. Although some 
of the studies described here have not specifi
cally included swine farmers, the organisms 
have either been isolated from swine, or swine 
are considered the main reservoirs of infection. 

Y. enterocolitica. Porcine and human 
strains of Y. enterocolitica cannot be distin
guished from each other (108). In swine, Y. 
enterocolitica is isolated from the tonsils, oral 
cavity, intestines and feces of 1-83.3% of 
healthy swine (108-112). Although yersinio
sis is primarily considered a foodborne dis
ease associated with the consumption of pork 
products (108-110,113-115), it has also 
been recovered from the floors and viscera 
tables in slaughterhouses and is considered by 
some researchers to be an occupationally 
acquired disease (111,112). A study in 
Finland compared the presence of antibodies 
to several serotypes of Y. enterocolitica in 
swine farmers and slaughterhouse workers to 

grain and berry farmers; swine farmers had 
an elevated risk of positive serology compared 
to the other two groups (116). Another study 
of slaughterhouse workers in Finland report
ed a higher prevalence of Y. enterocolitica 
antibodies in workers compared to blood 
donors from the same geographic region 
(111), and also found a higher rate of enteric 
disease symptoms among the occupationally 
exposed compared to the blood donor con
trols. There are no published reports of direct 
transmission of Y. enterocolitica from pigs to 
humans (JOB); however, seroepidemiologic 
data suggest that transmission does occur in 
the occupational setting (111,116). 

Salmonella species. Salmonella has been 
called the universal pathogen because it has 
been isolated from all tested vertebrates 
(J 17). Swine may represent a significant 
reservoir of Salmonella infection for humans 
( 118). Pigs can shed Salmonella into the 
environment without showing signs of dis
ease, or they might display display signs of 
moderate to severe illness (J 19-121). Four 
of the most common Salmonella serotypes 
isolated from swine are on the Centers for 
Disease Control and Prevention (CDC) list 
of top 10 human isolates (122). 

The risk of salmonellosis in occupational 
settings may be significant considering the 
presence of published reports of disease after 
occupational contacts (78,123,124), the 
prevalence of the organism in swine wastes 
(84% in some herds) (122,125-127), and 
the ability of this organism to survive in liq
uid slurry systems for months (128). Of the 
estimated 4 million yearly cases of human 
salmonellosis, however, roughly 1-10% are 
confirmed and reported to the CDC ( 123). 
Consequently, quantifying the risks of disease 
represented by specific exposures is problem
atic. Improved surveillance and detection in 
recent years, however, has resulted in 
increased success in tracing human infections 
directly obtained from livestock species other 

Table 5. Markers of inflammation in lavage fluids 
that have been altered after exposure to swine 
confinement house dust. 

Markers in lavage 

Total white blood cell count 
Monocytes 
Macrophages 
Lymphocytes 
Granulocytes 
Eosinophils 
Neutrophils 
T-cell markers 
IL-1a 
IL-1~ 
IL-6 
IL-8 
Tumor necrosis factor-a 
Albumin 
Fibronectin 
Hyaluronan 

Reference 

(90,91,97, 100, 10:Ji 
(94) 
(8~91,93,97) 
(90,91,93,94,97,95/i 
(93,94) 
(93,97) 
(90,91,93,97,99.100, 
(9:Ji 
(94) 
(94, 10:Ji 
(94.10:Ji 
(90,91.10:Ji 
(94) 
(94,97.100, 
( 10a, 
(100, 
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than swine (129-131), and it is anticipated 
that recognition of this route of transmission 
will increase in multiple livestock species. 

The emergence of Sa. typhimurium 
DT104 as a significant cause of severe diar
rheal disease in animals and humans is of 
particular concern to public health agencies. 
This organism has been successfully recov
ered from several livestock species, including 
swine (132,133), and there is evidence that 
this strain may have a competitive advantage 
over other strains of Sa. typhimurium (133). 
Consequently, swine populations may 
become increasingly infected. 

Leptospira species. Several human dis
eases are due to Leptospire organisms. Weil 
disease (Leptospira icterohaemorrhagiae), cani
cola fever (Leptospira canicola), dairy-worker 
fever (Leptospira hardjo), and swineherds dis
ease (Leptospira pomona) are all zoonotic dis
eases associated with occupational exposures 
(134). Of these, contact with pigs has been 
most commonly associated with Weil disease 
and swineherds disease, and direct transmis
sion has been reported (134,135). It is not 
unusual for detectable antibodies to multiple 
serovars to be present within an individual 
animal (136), and the reported prevalence of 
leptospire antibodies in pigs range from IO 
to 46% (135,137). 

Human studies of leptospirosis include 
an epidemiologic study in the United States 
which found that 58% of sporadic cases 
could be attributed to meat processing (138). 
A similar study in Trinidad reported that 
approximately 6% of human clinical cases 
were people working on pig farms (137), and 
several seroprevalence studies confirmed ele
vated antibody prevalences in farmers and 
slaughterhouse workers (136,139,140). In 
addition, there is a positive association 
between seroprevalence and the number of 
years of employment as a meat inspector 
(139). Farmers are considered at the highest 
risk ofleptospirosis (140'). 

E. rhusiopathiae. Disease associated 
with the pathogen E. rhusiopathiae has been 
recognized in swine occupations since the 

Table 6. Markers of inflammation in blood that 
have been altered after exposure to swine con
finement house dust. 

Markers in blood 

Total white blood cell count 
Monocytes 
Lymphocytes 
Granulocytes 
Neutrophils 
I L-1 receptor antagonist 
IL-1~ 
IL-6 
Tumor necrosis factor-a 
Oroscomucoid 
C-reactive protein 
Fibrinogen 

Reference 

(90,92,95,97, 103-105) 
(90,92.95/i 
(93, 10:Ji 
(92,93,95) 
(90,99.103.104) 
( 105) 
( 105) 
(92,94,95, 103,105,100) 
(92,105) 
(97) 
(97, 104'i 
(100) 
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19th century (141-143). There are three 
human disease syndromes associated with this 
pathogen: a cutaneous form (erysipeloid), an 
acute or septicemic form, and a chronic form 
(141,143,144). Erysipelothrix can be isolated 
from the tonsils, intestines, lymph nodes, gall 
bladder, joints, and bone marrow of swine 
(144). This organism is stable in the environ
ment and is associated with pig carcasses and 
swine fecal slurry (142,143). 

Citing the number of reported cases of 
systemic erysipelas infection in the last 15 
years, a recently published case report sug
gested that the growth of the swine industry 
in the southern United States was associated 
with an increase in human infections with 
Erysipelothrix because this number was 
already equal to the number reported in the 
precee-ding 60 years (141). Studies of the 
seroprevalence of Erysipelothrix antibodies in 
slaughterhouse workers found rates of 
16-17% (142). Because erysipeloid is the 
most common form and usually heals spon
taneously after a few weeks, this disease may 
be an underrecognized occupational disease 
(141,143). 

Brucella suis. Brucellosis has long been 
recognized as a serious occupational disease 
of livestock producers, slaughterhouse work
ers, and veterinarians. Consequently, it has 
been the focus of a stringent eradication pro
gram in U.S. swine since 1961 (145,146). 
Estimates vary, but because of the vague 
clinical signs of disease, the prevalence of 
subclinical disease, and the difficulty associ
ated with its diagnosis, only 4-50% of cases 
in the United States are probably reported 
(146-148). Swine-associated B. suis was 
responsible for most human cases of brucel
losis in the 1960s and early 1970s; surpris
ingly, it continues to be reported as an 
abbatoir-associated disease into the 1990s in 
spite of its nearly successful eradication in 
the United States (145,148). 

S. suis. Since 1968, adult meningitis 
caused by S. suis has been recognized as an 
occupational disease in those working with 
swine and swine carcasses (149,15(JJ. It has 
been most commonly reported in Asia and 
Northern Europe, but recent case reports 
have come from Canada and New Zealand 
(149-153). In a study of S. suis meningitis in 
Hong Kong, a crude incidence rate of 0.17 
per 100,000 population was calculated, and 
the majority of human cases were associated 
with occupational exposures to swine or pork 
(J5(JJ. Although it has never been reported in 
the United States, some researchers assume 
this is due to the difficulty of bacteriologic 
diagnosis in human cases and the lack of sur
veillance for this disease in the United States, 
because it is found in other countries with 
intensive pork production and consumption 
(149,150,152). 

692 

There are 35 identified serotypes of S. suis 
in pigs, but not all are associated with disease 
in swine or humans (149,150,152,154). Only 
Group R serotype 2 has been isolated in cases 
of human meningitis (149-153). The organ
ism can cause disease in pigs or can be found 
in healthy carriers, and many serorypes may 
be isolated from a single animal (154). 
Consequently, the risk of infection to workers 
is difficult to estimate from prevalence studies 
of the organism in U.S. swine herds. 

Hepatitis E virus. Historically, there 
have been two or three strains of human 
hepatitis E virus (HEY) in the human popu
lation-a Mexican strain and one or two 
Asian/African strains (155). Most U.S. cases 
of HEV are associated with travel to coun
tries where this virus is endemic, but epi
demiologic studies of blood donors have 
found a seroprevalence rate of 1-2% (up to 
28% in some regions of the United States), 
suggesting a possible unidentified reservoir 
in this country (156,157). Commercial 
swine have a high prevalence of HEV anti
bodies and carry an HEV strain that is simi
lar to the human-isolated HEV (156). 
Cross-species infection with the human 
strain and the swine strain of HEV has been 
successful under experimental conditions 
(155,156). Recently, a new human strain of 
HEV has been isolated in the United States 
from a man with no history of travel, and 
the strain is molecularly more similar to the 
swine HEV strain than to the previously 
identified human strains (155,156,158,159'). 
Together, this new human U.S. strain and 
the swine HEV are considered a molecularly 
distinct genotype (155). Consequently, the 
possibility of zoonotic transmission of this 
infectious agent between swine and humans 
is being explored. 

Influenza. The most widely recognized 
example of a virus passed between species is 
the influenza virus. Influenza viruses are usu
ally species specific, but mutation and reas
sortment of genetic material can allow them 
to cross species barriers and infect new hosts. 
Swine are most important in the epidemiol
ogy of influenza as the mixing vessel for sev
eral viral strains, and simultaneous infection 
of pigs with avian viruses and swine or 
human viruses can result in mutation or 
reassortment of viral genetic material 
(160-162). Serologic studies of influenza in 
pigs suggest that pigs may become infected 
during outbreaks of human disease 
(163,164). The famous Spanish flu pandem
ic of 1918 was generated in pigs, and it is 
anticipated that the next major human pan
demic of influenza may again come from 
swine (160,162,165). 

Influenza disease in human hosts, howev
er, is not entirely limited to the human
derived and swine "mixed" strains of virus. 

Serology in humans in contact with pigs indi
cate exposure prevalences to the swine-adapt
ed influenza virus, HlNl, as 8.8-10% 
(166,167). Although uncommon, the swine
specific influenza virus does cause disease in 
human hosts and may be more fatal to people 
than human-adapted strains (165,168-171). 

Cryptosporidium parvwn. C parvum is 
a coccidian enteric pathogen of mammals 
that causes clinical disease in numerous 
species, including swine and humans (112). 
The prevalence of fecal shedding of 
Cryptosporidium varies significantly among 
farms, animal species, and animal ages 
(113-116). Differences in prevalence on 
swine farms have been related to management 
practices, with higher shedding and infection 
rates associated with poor hygienic practices 
and incomplete waste removal from animal 
pens (I 17). In contrast with other livestock 
species, shedding of Cryptosporidium by pigs 
does not seem to be predominantly restricted 
to young animals. Prevalence rates in tested 
swine populations have ranged from O to 
34.4% (174,175,117). Infected individuals 
can shed more than 108 oocysts daily for 
extended periods of time (118,119), and the 
human infective dose may be as low as 30 
oocysts with some strains (18(JJ. Direct trans
mission to humans from animals has been 
documented, but these reports have not 
included swine (181-183). 

Antimicrobial Resistance 
The role of pigs as reservoirs of bacterial 
strains with transferable antimicrobial resis
tance patterns has been studied for many 
years. A U.K study of market pigs document
ed the evolution of antimicrobial resistance to 
some common antibiotics in Es. coli isolates 
between 1956 and 1979 (63). This study not 
only documented increasing patterns of resis
tance in swine isolates, but also reported that 
up to 95% of some isolated strains of bacteria 
contained transferable resistance patterns. 
Since then, numerous studies have isolated 
transferable single- and multiple-resistant pat
terns from the bacteria of pigs, some with 
ribotypes indistinguishable from those found 
in human isolates (68,72-75,184,185). The 
percentage of resistant isolates among swine 
increases with increasing antimicrobial use on 
farms (69-71,184). 

Several studies have demonstrated the 
potential for transfer of antimicrobial-resis
tant properties between livestock animals 
and workers. Exposure to antimicrobial-con
taining feed and animal wastes and contami
nated animal tissues can result in either 
selective pressure on human bacterial strains 
or direct transmission of genetic codes for 
antimicrobial resistance from animals to 
humans. In 1978 Levy (66) reported the 
emergence of tetracycline-resistant bacteria 
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in poultry within 36 hr of the introduction 
of a tetracycline-containing feed, and within 
farm personnel between 4 and 6 months 
after the introduction of antimicrobial-sup
plemented feed. In 1989 a similar study of 
poultry and farm personnel (I 86) docu
mented increased antimicrobial resistance in 
commercially reared birds compared to free
range village poultry. In this study, similar 
resistance patterns were isolated among 
poultry personnel and birds but not in vil
lage controls (186). Nijsren et al. (187) 
demonstrated the abiliry of fecal Es. coli iso
lated from pigs to directly transfer their resis
tance patterns to human fecal Es. coli strains. 
In addition, Marshall et al. (188) reported 
on the stability of resistant strains of bacteria 
in the environment after experimental inoc
ulation of pigs with a resistant strain of 
swine Es. coli and the subsequent isolation of 
this strain from water, bedding materials, 
mice, flies, and a human caretaker within the 
4-month test period. 

Furthermore, epidemiologic studies have 
shown that farmers and abattoir workers have 
higher incidences of antimicrobial-resistant 
bacteria than other occupational cohorts. A 
study of pig farmers, slaughterhouse workers, 
and suburban residents within the same geo
graphic region found that pig farmers have 
the highest prevalences of antimicrobial resis
tance in fecal isolates compared to the other 
cohorts (67). Slaughterhouse workers and pig 
breeders in Japan have higher prevalences of 
antimicrobial resistance in fecal microbes 
than urban controls, and the human patterns 
were similar to the sampled pigs (65). 
Ozanne et al. (76) reported that slaughter
house workers had a higher prevalence ratio 
of resistance ( 1.22-1.36) in isolated enteric 
bacteria than controls when previous antimi
crobial exposure was controlled in the study 
(76). The patterns of resistance in the swine 
and slaughterhouse workers also indicated 
circulation of bacterial genetic material 
between the animals and workers. 

Potential Routes and Effects 
of Community Exposure to 
Swine CAFO Hazards 
People residing near swine CAFOs may be 
exposed to hazardous agents through a num
ber of pathways. Airborne contaminants and 
small microbe-bearing particulates can be dis
tributed into the outdoor air by building ven
tilation fans and spray application of slurried 
wastes. In addition, soil transport of microbes 
and nutrients from land-applied wastes, leak
ing lagoons, and pit-buried carcasses, as well 
as overland flow of microbes and nutrients 
from land-applied wastes, can potentially con
taminate ground- and surface water sources 
and become sources of waterborne disease. 
Although there is a paucity of research in this 

area, there is a potential for, and some evi
dence of, community health effects. 

Environmental Dispersion of Swine 
CAFO Hazards 
Airborne. A limited number of studies have 
evaluated gases, dusts, bioaerosols, and odors 
outside swine CAFOs. Particles can be car
ried in the air long distances from their 
source (189), and can cause health concerns 
in the neighboring communities (190,191). 
If endotoxins are absorbed on particles 
< I µm in diameter, these particles can stay 
airborne for long distances and periods of 
time. Mixtures of volatile organic chemicals 
can also be transported off-site; however, the 
concentrations are usually orders of magni
tude lower than those measured inside a 
swine house. Furthermore, OELs are not 
appropriate to use for the community 
because they assume the exposed population 
is healthy, exclude children and the elderly, 
and are based on a limited exposure duration. 

Recently, it has been suggested that the 
unpleasant odors produced by inhalation of 
volatile organic chemicals can adversely affect 
the health status of people living near swine 
CAFOs (191). Shiffman (192) described 
how airborne emissions can affect health 
through direct irritant and psychophysiologic 
mechanisms. Odorous mixtures can cause 
sensory irritation in the eye, nose, and throat 
by activating at least five cranial nerves that 
have receptors in the nasal cavity, oral cavity, 
and eyes. Irritants can affect respiratory vol
ume (I 93,194) and can induce inflammatory 
responses (195,196). People who have pre
existing respiratory problems may be particu
larly vulnerable to the adverse effects of 
irritants, and can experience an increase in 
nasal resistance, respiration rates, and heart 
rates after exposures (197,198). Odorants 
positively or adversely affect mood and stress 
depending on whether the odor is perceived 
as pleasant or unpleasant (191,199,200). 

To determine how far bioaerosols are 
transported through the air, they were mea
sured inside and outside a swine facility, to a 
maximum distance of 300 m (59). Air sam
ples were obtained within I m of the ground 
and most air samples contained viable bacte
ria. At 300 m from the houses, detected bac
teria concentrations were approximately 
4-10 times lower than concentrations at a 
distance of S m from the houses. There was 
a dramatic decrease in concentrations at dis
tances > 300 m, although there were several 
limitations to the study. First, the measure
ments were taken on a dry and sunny day 
that could have resulted in low survival of 
the bacteria. Second, the process of air sam
pling bioaerosols can kill bacteria by desicca
tion and result in underestimation of 
concentrations. Third, the sampling height 
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may not have been optimal for measuring the 
plume centerline. 

Air samples were obtained 60 m away 
from four swine facilities and one control 
(nonlivestock) farm at a height of 2 m. The 
samples were analyzed for ammonia, hydro
gen sulfide, total dust, and endotoxin (201). 
Outdoor mean ammonia concentrations 
ranged from 0.086 to 0.214 ppm at the 
swine facilities compared to nondetecred at 
the control farm. Concentrations of ammo
nia were always greater downwind of sources 
than upwind and were significantly higher 
than concentrations at the control farm. 
Outdoors, in most cases, concentrations of 
total dust, endotoxins, and hydrogen sulfide 
were below detectable levels. 

Waterborne. Lagoon breaks have result
ed in the release of millions of gallons of ani
mal wastes directly into surface water at one 
time, resulting in eutrophication, fish kills, 
and high environmental pathogen loads (]). 
However, the environmental impacts of land 
application of liquefied wastes, pit burial of 
carcasses, and chronic lagoon leakage are less 
documented. Historically, most of the con
cern and research regarding water pollution 
from CAFOs has focused on the impact of 
land application of wastes (4,202). However, 
a small body of research has also found seep
age losses from waste lagoons in several stares 
and excessive nutrient and microbial loading 
on regional ground and surface waters. 

Before the land application of human 
waste materials, the microbial content of the 
material must not exceed federally mandated 
concentrations. No similar regulations apply 
to the land application of animal wastes, and 
the microbial content of water runoff from 
agricultural lands frequently exceeds the stan
dards for recreational water (4,202). In a 
study of land application of swine wastes on 
silty day soil with subsurface drainage, up to 
3% of the microbes applied to the land were 
drained from the soil ( 4). Periods of rainfall 
can increase the microbial loading of environ
mental waters from CAFOs (202). Several of 
the previously discussed infectious organisms 
are stable in the environment and can con
tribute to the contamination of ground and 
surface waters. One study attributed enterovi
ral contamination of a major Canadian river 
to swine-farming activities (203). 

Studies in Iowa and North Carolina 
(I 1,14,204-206) revealed groundwater con
tamination resulting from agricultural prac
tices. Moderate to severe seepage losses from 
lagoons and groundwater pollution with 
nitrates and microbes, resulting in contami
nation in excess of drinking water standards, 
have been documented (I 1,14,204-206). A 
voluntary well-testing program conducted by 
the North Carolina Department of Environ
mental Health and Natural Resources 
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(Raleigh, NC) found rhar 22% of rhe rested 
wells in one county had nitrate levels which 
exceed rhe no-observed-adverse-effect level 
(79,201). 

Community Health Effects 

There have been few health effect studies to 
evaluate the physical and mental health of 
residents living near swine CAFOs. 
Although outbreaks of E. coli, Leptospirosis, 
and cryptosporidiosis have been traced to 
contaminated water sources, specific sources 
of contamination are rarely identified (81). 
Evidence for the putative role of livestock 
production in the environmental spread of 
infectious agents has been limited to reports 
of increased infection rares in human popula
tions after periods of high rainfall or flooding, 
and regional animal events such as calving or 
lambing (139,208,209). Unfortunately, this 
evidence does nor implicate specific expo
sures. HEY is a waterborne disease in coun
tries where it is endemic, bur contamination 
sources are nor clearly defined. Consequently, 
there is no direct evidence of community out
breaks of infectious disease resulting from 
microbial contamination from swine facilities. 

Antibiotic residues have been found in 
wastewater specimens (205), and discrimi
nant analysis has identified resistance parrerns 
in bacteria isolated from environmental 
waters rhar are distinct from human parrerns 
and have been arrribured ro agricultural 
sources (210). However, it is nor known 
whether exposure to antibiotics or resistant 
bacteria in contaminated waters has any 
health impacts on surrounding communities. 

The incidence of nitrate poisoning in the 
United Stares is nor known because is nor a 
reportable disease. In addition, in some 
areas, infant deaths due to nitrate-induced 
merhemoglobinemia are sometimes misdiag
nosed as congenital heart disease or sudden 
infant death syndrome (80). Long associated 
wirh well-water usage, nitrate intoxication is 
considered a disease of rural areas where live
stock production, septic systems, and fertil
ized fields predominate (80,21 I). Recently, 
studies have associated excessive nitrate 
ingestion with developmental abnormalities 
and miscarriages, and the CDC blamed 
water contaminated with nitrates from a 
swine farm for several miscarriages occurring 
in 1993 and 1994 (79,81). 

Several epidemiologic studies have inves
tigated differential reporting of adverse 
symptoms between communities closely 
associated with swine CAFOs and other 
rural communities. One study evaluated the 
effect of odors from swine facilities on the 
mental health of people living near rhe facili
ty (200). Forty-four persons living near the 
facilities filled out a Profile of Mood States 
questionnaire on 4 days when rhe hog odors 
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could be smelled; an equal number of con
trols completed the questionnaires for 2 
days. Those who lived near the facility and 
experienced odors had significantly more 
depression, tension, anger, fatigue, and con
fusion than controls. 

In a study to evaluate both physical and 
mental health, Thu er al. (212') interviewed 
I 8 people who lived within a 2-mile radius 
of a swine facility and comparable controls. 
The subjects near the facility had significant
ly higher rares of four clusters of physical 
symptoms compared to controls. These 
symptoms are consistent with symptoms 
reported in swine CAFO workers, and 
include a) respiratory effects such as inflam
mation of the bronchi or bronchioles, 
wheezing, and cough (associated with air 
pollution, chronic agricultural dust inhala
tion, endotoxins, and smoking); b) nausea, 
weakness, dizziness, and fainting (associated 
with endotoxin exposure); c) headaches and 
plugged ears (2 5% of swine workers have 
chronic sinusitis); and d) runny nose, 
scratchy throat, and burning eyes (associated 
with exposure to irritant gases such as 
ammonia). There was no significant differ
ence for anxiety or depression between the 
study and control groups. 

A study in North Carolina compared 
reported physical symptoms and quality-of. 
life perceptions among 155 individuals from 
three rural communities: a rural community 
with no livestock facilities within 2 miles; a 
similar group of households within 2 miles 
of a dairy facility; and another group within 
2 miles of a swine CAFO (213). The fre
quencies of reported symptoms in the three 
groups were compared with adjustment for 
sex, age, smoking status, and employment. 
Those living within 2 miles of the swine 
CAFO reported a significantly greater fre
quency of headaches, runny nose, sore 
throat, excessive coughing, burning eyes, and 
diarrhea than the other two groups. In addi
tion, compared to rhe other two groups, the 
residents near the swine CAFO reported sig
nificantly more episodes during which they 
could nor open their windows or enjoy the 
outdoor environment. 

Limitations of Current 
Evidence 

Occupational Studies 

Exposure assessment. One of rhe limitations 
of occupational health studies is successfully 
linking exposures to symptoms and lung 
function indices. Usually, the environmental 
measurements are obtained on I day, and 
these limited measurements are then used ro 
compare with symptoms or lung function 
tests. Air contaminant concentrations vary 
spatially and by shift, day, week, and season. 

Therefore, isolated short-term contaminant 
measurements are being compared with 
health effects that may result from long-term 
exposures. These short-term measurements 
are probably not representative of the actual 
exposures over time. Some of the studies 
obtain personal measurements and some use 
area samples. Area samples may be poor esti
mators of personal exposures. One concern 
when evaluating dose response using these 
data is the poor ability of area samples to dis
criminate between workers with lower and 
higher levels of exposure. 

When sampling for endotoxin in particu
lar, the results may not reflect accurate con
cen rrations in air. The conditions under 
which the endotoxins are collected, extracted, 
and stored can all affect the accuracy of the 
analytical results (56,87,214). In a study by 
Douwes et al. (215), a series of parallel air 
samples was collected and different methods 
of collecting and processing the samples were 
compared. Investigators found a difference of 
up to 17-fold in endotoxin yield using the dif
ferent methods of processing the samples. 
The types of filter and water dramatically 
impacted the recovery of endotoxin. Freezing 
and thawing of the samples significantly 
reduced the activity of endotoxins up to 25%. 
Additionally, dust samples appeared ro be 
more stable than extracted endotoxins (81). 

There are a number of sources of varia
tion and interferences that affect the quan
tification of endoroxin in the widely used 
Limulus amebocyte lysate assay (LAL) 
(216,211). Historically, endotoxin results 
from this test have been reported in 
weight/volume or weight/weight uni rs. More 
recently, standard endotoxin preparations 
have been developed, and by using these 
standards, data can be reported in endotoxin 
units (EUs). The use of EUs allows for com
parisons between laboratories and takes in to 
account the variance in biologic activities 
between endotoxins from different sources. 
Milton et al. (216) investigated various 
interferences in the LAL and found that 
interferences could result in a 136-fold 
underestimation to a 34-fold overestimation 
of endotoxin concentration. Preventing rhe 
underestimation of concentrations due to 
endoroxin collection procedures, storage of 
samples, assay conditions, or inrerferants 
present in the sample is particularly impor
tant when evaluating community exposures 
where the levels may be very low. 

In epidemiologic studies, exposure mis
classification and confounding can reduce the 
sensitivity of studies to find effects. Exposure 
misclassification may result from the use of 
general air rather than personal sampling, 
failure ro characterize specific chemicals or 
dusts rhar are most relevant ro health out
comes, and inability ro characterize temporal 
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patterns of exposure. Confounding can 
occur if workers with higher exposures are 
more exposed to other causes of adverse out
comes, resulting in the observance of an 
exposure-outcome relationship that may nor 
exist. The opposite problem may also occur. 
For example, smokers have poorer respirato
ry function than nonsmokers. Higher smok
ing among the unexposed group could dilute 
differences in respiratory function between 
exposed and unexposed workers. This could 
happen if smokers are less tolerant of work 
in confinement operations than nonsmokers. 

Disease detection. Characterization of 
human infectious disease depends on the 
recognition of the pathogenic agents. Most 
diseases of swine CAFO origin that poten
tially affect populations at risk cannot be 
distinguished from more common human
source diseases. In addition, even relatively 
common zoonoses and intoxications may be 
significantly underdiagnosed. Ir has been 
estimated that only 50% of Safmone!!a cases 
seek medical attention, and of these only 
20% are diagnosed. For parasitic diseases 
such as cryptosporidiosis clinicians often 
misunderstand rhe laboratory protocols rhar 
do nor include this organism on routine 
rests, and fail to specifically request it (218). 
Merhemoglobinemia may be misdiagnosed 
as congenital heart defects or sudden infant 
death syndrome (79,80). The lack of routine 
screening for Yersinia in U.S. laboratories 
has been attributed to its low detection rare 
in this country (I I 4). 

In addition, selection factors may 
decrease disease detection in occupational 
studies and limit their application to other 
cohorts. Two types of selection are relevant. 
First, workers rend to be a generally healthy 
group compared to the general population, 
in rhar they do not include children, the 
elderly, or persons with chronic diseases who 
are too ill to work. This is often referred to 
as the healthy worker effect. Thus, although 
workers are studied because their exposures 
are higher, their lower sensitivity to exposure 
must be considered when adverse health 
effects are monitored. The second selection 
issue of concern occurs within the workplace 
and affects studies char compare exposure 
levels among workers according to personal 
monitoring results and/or length of employ
ment [e.g., Reynolds er al. (4.5)]. In such 
populations, a healthy worker survivor effect 
may occur, in which workers who are more 
sensitive to rhe adverse effects of occupational 
exposures leave the workplace at a higher rare 
than workers who are less sensitive. In this sit
uation, nor only is disease detection compro
mised, bur the length of employment (and 
magnitude of cumulative exposure) is inverse
ly related to health-effect sensitivity. Greater 
exposure of less-susceptible individuals rends 

to dampen dose-response relationships in 
occupational studies (219,220). 

Community-Based Studies 

Study design. Community-based health stud
ies suffer from some of the same merhod
ologic problems. Exposure assessment is 
often very difficult or nonexistent in commu
nity-based srudies. For example, Thu er al. 
(2 I 2) did nor measure exposure bur assumed 
char residents living near hog operations 
were more exposed then residents further 
away. Schiffman er al. (200) asked respon
dents ro record survey responses when they 
smelled odor bur there was no independent 
evaluation of airborne emissions. 

Although health symptoms are impor
tant outcomes, the responses of participants 
may be influenced by feelings about rhe 
industry created by loss of home values, 
quality of life, and other adverse social expe
riences. Experiences of anger or depression 
may on the one hand influence health out
comes directly, and on the other influence 
recall in response to survey items, introduc
ing ambiguity in interpretation of results. 

Furthermore, community-level disease 
detection resulting from surveillance systems 
is probably insufficient to detect changes in 
disease rares. First, poor access ro health care 
in rural communities limits rhe ability to 
detect changes in incidence observed by pas
sive surveillance systems. Second, regional 
statistics combining urban and rural popula
tions are nor sensitive to changes in disease 
trends in sparse rural populations. Finally, 
rhe index of suspicion for diseases possibly 
associated with swine CAFO exposure must 
be higher in rhe regional health care system 
to detect zoonoric diseases. Consequently, in 
the absence of specific population-based sur
veillance, disease trends in rural communi
ties are difficult to measure. 

Community-based studies also suffer 
from small sample sizes, small number of 
facilities evaluated, and lack of comparability 
of the evaluated exposures. Thu er al. (2 I 2) 
and Wing and Wolf (213) examined rela
tively small clusters of individuals in close 
proximity to a facility of interest, and per
sons near only one exposure unit were evalu
ated (i.e., one swine CAFO). Health effects 
may differ as a function of management sys
tems, facility size, and local factors affecting 
exposure pathways. 

Environmental injustice. A dispropor
tionate presence of polluting industries and 
environmental exposures in communities of 
poor and people of color has been referred to 

as environmental injustice. Environmental 
injustice is nor only a concern with regard to 

specific health effects, but also with regard to 

general community health, economic devel
opment, and disease surveillance. The 
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presence of intensive swine operations may 
reduce land values and limit rhe amacriveness 
of those locations for other types of economic 
and social improvements rhar positively 
impact both individual and public health. 

Environmental injustice has specifically 
been considered in the North Carolina swine 
industry. Two N.C. studies showed that in 
recent years hog production became concen
trated in economically distressed counties 
with high proportions of African Americans 
(221,222). Another study examined the dis
tribution of intensive hog operations with 
respect to the economic and racial charac
teristics of census block groups (areas of 
approximately 500 households each) and 
found strong support for the contention 
that intensive hog operations in North 
Carolina are located disproportionately in 
communities where people of color, the 
poor, and households that use well water are 
concentrated (223). 

Environmental injustice in these regions 
of swine CAFO concentration further com
plicates disease derecrion and public health 
surveillance. The accumulation of epidemio
logic data may be compromised by a lower 
rare of physician visits by those most affect
ed. For example, a recent study of outpatient 
visit trends for infectious diseases showed 
that rhe visit rare for white populations was 
25% higher than the rare for nonwhite pop
ulations (224). This difference cannot be 
explained by differential disease rares: 
Morbidity and mortality from infectious dis
eases such as influenza, Y. enteroco!itica, and 
Salmonella are significantly higher in African
American populations than in white popula
tions (225,226). Clearly, rhe surveillance of 
disease trends is compromised by the many 
economic and social factors that prevent 
opportunities for physician diagnoses in rhe 
populations at risk from CAFOs. 

The Future of Occupational 
and Community Studies of 
Swine CAFO Impacts 
Although theory and preliminary studies tell 
us rhar gases, vapors, aerosols, microbial 
pathogens, antimicrobial residues and resis
tance, and nutrients generated at a swine 
CAFO might reach the community, expo
sure assessment and disease surveillance are 
problematic. Future studies in this area need 
to focus on appropriate exposure measure
ments, exposure pathways, and the unique 
characteristics and impacts on the popula
tions at risk. 

Future communiry-based studies should 
utilize environmental exposure assessment 
methods and clinical or physiologic measures 
of health outcomes to improve their sensitivi
ry and specificity. Considering rhe similarity 
between the symptoms observed in workers at 
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swine CAFOs and in community (212,213) 
studies, endotoxins and ammonia on particles 
would be candidates for community-level 
monitoring. One complication with evaluat
ing endotoxins in the home is determining 
the source or sources (outdoor or indoor). 
Based on the literature on odors, it would be 
valuable to use real-time instrumentation that 
can detect multiple contaminants simultane
ously to capture milligram-per-cubic-meter 
levels of contaminants in air for the signature 
compounds emanating from nearby swine 
CAFO facilities. 

Exposure pathways need to be identified 
and contaminants traced through these path
ways from the sources of contamination. For 
microbial pathogens, molecular techniques 
may prove invaluable in source tracing. The 
body of literature evaluating molecular tech
nologies that discriminate animal and 
human sources of microbes is increasing, 
and may be of particular relevance in envi
ronmental epidemiology studies of this kind. 

Finally, special attention must be paid to 
the unique population impacted by the 
swine industry. Large-scale CAFOs have 
impacts on the quality of life of neighbors as 
well as the larger communities in which they 
are located (227). Although the impacts of 
reduced quality of life on long-term mental 
health could be specifically addressed by fur
ther research, neighbors are more concerned 
about immediate threats to their health and 
well being. The presence of swine CAFOs, 
especially in poor and underdeveloped 
regions, may preclude other types of eco
nomic development and industrialization and 
may impact local land ownership, which are 
critical to keeping profits in local communi
ties. Research in North Carolina suggests that 
the loss of African-American-owned land is 
related to the expansion of vertically integrat
ed swine operations in the state (221). There 
are extensive opportunities for further 
research into the impacts of swine CAFOs on 
land values, land ownership, and the ability 
of communities to artract and maintain edu
cational, industrial, and medical facilities
community resources that are essential to 
positive public health developments (96). 
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Foreword 

The National Association of Local Boards of Health (NALBOH) is pleased to provide Understanding 
Concentrated Animal Feeding Operations and Their Impact on Communities to assist local boards of 
health who have concerns about concentrated animal feeding operations (CAFOs) or large industrial 
animal farms in their communities. The Environmental Health Services Branch of the Centers for 
Disease Control and Prevention (CDC), National Center for Environmental Health (NCEH) encouraged 
the development of this product and provided technical oversight and financial support. This publication 
was supported by Cooperative Agreement Number 5U38H M000512. Its contents are solely the 
responsibi I ity of the authors and do not necessarily represent the official views of the CDC. 

The mission of NALBOH is to strengthen boards of health, enabling them to promote and protect the 
health of their communities, through education, technical assistance, and advocacy. Boards of health 
are responsible for fulfilling three public health core functions: assessment, policy development, and 
assurance. For a health agency, this includes overseeing and ensuring that there are sufficient resources, 
effective policies and procedures, partnerships with other organizations and agencies, and regular 
evaluation of an agency's services. 

NALBOH is confident that Understanding Concentrated Animal Feeding Operations and Their Impact 
on Communities will help local board of health members understand their role in developing ways to 
mitigate potential problems associated with CAFOs. We trust that the information provided in this guide 
will enable board of health members to develop and sustain monitoring programs, investigate developing 
pol icy related to CAFOs, and create partnerships with other local and state agencies and officials to 
improve the health and well-being of communities everywhere. 

A special thanks to Jeffrey Neistadt (NALBOH's Director - Education and Training), NALBOH's 
Environmental Health subcommittee, and any local board of health members and health department staff 
who were contacted during the development of this document for their contributions and support. 
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Introduction 

Livestock farming has undergone a significant transformation in the past few decades. Production 
has shifted from smaller, family-owned farms to large farms that often have corporate contracts. Most 
meat and dairy products now are produced on large farms with single species buildings or open-air 
pens (MacDonald & McBride, 2009). Modern farms have also become much more efficient. Since 1960, 
milk production has doubled, meat production has tripled, and egg production has quadrupled (Pew 
Commission on Industrial Animal Farm Production, 2009). Improvements to animal breeding, mechanical 
innovations, and the introduction of specially formulated feeds and animal pharmaceuticals have all 
increased the efficiency and productivity of animal agriculture. It also takes much less time to raise 
a fully grown animal. For example, in 1920, a chicken took approximately 16 weeks to reach 2.2 lbs., 
whereas now they can reach 5 lbs. in 7 weeks (Pew, 2009). 

New technologies have allowed farmers to reduce costs, which mean bigger profits on less land and 
capital. The current agricultural system rewards larger farms with lower costs, which results in greater 
profit and more incentive to increase farm size. 

AFO vs. CAFO 

A CAFO is a specific type of large-scale industrial agricultural facility that raises animals, usually at 
high-density, for the consumption of meat, eggs, or milk. To be considered a CAFO, a farm must first be 
categorized as an animal feeding operation (AFO). An AFO is a lot or facility where animals are kept 
confined and fed or maintained for 45 or more days per year, and crops, vegetation, or forage growth are 
not sustained over a normal growing period (Environmental Protection Agency [EPA], 2009). CAFOs are 
classified by the type and number of animals they contain, and the way they discharge waste into the 
water supply. CAFOs are AFOs that contain at least a certain number of animals, or have a number of 
animals that fall within a range and have waste materials that come into contact with the water supply. 
This contact can either be through a pipe that carries manure or wastewater to surface water, or by 
animal contact with surface water that runs th rough their confined area. (See Appendix A) 

History 

AFOs were first identified as potential pollutants in the 1972 Clean Water Act. Section 502 identified 
"feedlots" as "point sources" for pollution along with other industries, such as fertilizer manufacturing. 
Consequently, a permit program entitled the National Pollutant Discharge Elimination System (NPDES) 
was created which set effluent limitation guidelines and standards (ELGs) for CAFOs. CAFOs have 
since been regulated by NPDES or a state equivalent since the mid-1970s. The definitions of what was 
considered an AFO or CAFO were created by the EPA for the NPDES process in 1976. These regulations 
remained in effect for more than 25 years, but increases and changes to farm size and production methods 
required an update to the permit system. 

The regulations guiding CAFO permits and operations were revised in 2003. New inclusions in the 
2003 regulations were that all CAFOs had to apply for a NPDES permit even if they only discharged 
in the event of a large storm. Large poultry operations were included in the regulations, regardless of 
their waste disposal system, and all CAFOs that held a NPDES permit were required to develop and 
implement a nutrient management plan. These plans had CAFOs identify ways to treat or process waste 
in a way that maintained nutrient levels at the appropriate amount. 
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The 2003 CAFO rule was subsequently challenged in court. A Second Circuit Court of Appeals decision 
required alteration to the CAFO permitting system. In Water Keeper et al. vs. the EPA, the court directed 
the EPA to remove the requirement for al I CAFOs to apply for NPDES. Instead, the court required that 
nutrient management plans be submitted with the perm it application, reviewed by officials and the 
public, and the terms of the plan be incorporated into the permit. 

As a result of this court decision, the CAFO rule was again updated. The current final CAFO rule, which 
was revised in 2008, requires that only CAFOs which discharge or propose to discharge waste apply for 
permits. The EPA has also provided clarification in the discussion surrounding the rule on how CAFOs 
should assess whether they discharge or propose to discharge. There is also the opportunity to receive 
a no discharge certification for CAFOs that do not discharge or propose to discharge. This certification 
demonstrates that the CAFO is not required to acquire a permit. And while CAFOs were required to 
create nutrient management plans under the 2003 rule, these plans were now included with permit 
applications, and had a built-in time period for public review and comment. 

Benefits of CAFOs 

When properly managed, located, and monitored, CAFOs can provide a low-cost source of meat, mi I k, and 
eggs, due to efficient feeding and housing of animals, increased facility size, and animal specialization. 
When CAFOs are proposed in a local area, it is usually argued that they will enhance the local economy 
and increase employment. The effects of using local materials, feed, and I ivestock are argued to ripple 
throughout the economy, and increased tax expenditures will lead to increase funds for schools and 
infrastructure. 

Environmental Health Effects 

The most pressing public health issue associated with CAFOs stems from the amount of manure they 
produce. CAFO manure contains a variety of potential contaminants. It can contain plant nutrients such 
as nitrogen and phosphorus, pathogens such as E.coli, growth hormones, antibiotics, chemicals used as 
additives to the manure or to clean equipment, animal blood, silage leachate from corn feed, or copper 
sulfate used in footbaths for cows. 

Depending on the type and number of animals in the farm, manure production can range between 2,800 
tons and 1.6 million tons a year (Government Accountability Office [GAO], 2008). Large farms can 
produce more waste than some U.S. cities-a feeding operation with 800,000 pigs could produce over 1.6 
million tons of waste a year. That amount is one and a half times more than the annual sanitary waste 
produced by the city of Philadelphia, Pennsylvania (GAO, 2008). Annually, it is estimated that livestock 
animals in the U.S. produce each year somewhere between 3 and 20 times more manure than people in 
the U.S. produce, or as much as 1.2-1.37 bil I ion tons of waste (EPA, 2005). Though sewage treatment 
plants are required for human waste, no such treatment faci I ity exists for I ivestock waste. 

While manure is valuable to the farming industry, in quantities this large it becomes problematic. Many 
farms no longer grow their own feed, so they cannot use all the manure they produce as fertilizer. CAFOs 
must find a way to manage the amount of manure produced by their animals. Ground application of 
untreated manure is one of the most common disposal methods due to its low cost. It has limitations, 
however, such as the inability to apply manure while the ground is frozen. There are also limits as to how 
many nutrients from manure a land area can handle. Over application of livestock wastes can overload 
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soil with macronutrients like nitrogen and phosphorous and micronutrients that have been added to 
animal feed like heavy metals (Burkholder et al., 2007). Other manure management strategies include 
pumping I iquefied manure onto spray fields, trucking it off-site, or storing it unti I it can be used or 
treated. Manure can be stored in deep pits under the buildings that hold animals, in clay or concrete pits, 
treatment lagoons, or holding ponds. 

Animal feeding operations are developing in close proximity in some states, and fields where manure 
is applied have become clustered. When manure is applied too frequently or in too large a quantity to 
an area, nutrients overwhelm the absorptive capacity of the soi I, and either run off or are leached into 
the groundwater. Storage units can break or become faulty, or rainwater can cause holding lagoons to 
overflow.While CAFOs are required to have permits that limit the levels of manure discharge, hand I ing 
the large amounts of manure inevitably causes accidental releases which have the ability to potentially 
impact humans. 

The increased clustering and growth of CAFOs has led to growing environmental problems in many 
communities. The excess production of manure and problems with storage or manure management 
can affect ground and surface water quality. Emissions from degrading manure and livestock digestive 
processes produce air pollutants that often affect ambient air quality in communities surrounding CAFOs. 
CAFOs can also be the source of greenhouse gases, which contribute to global climate change. 

All of the environmental problems with CAFOs have direct impact on human health and welfare for 
communities that contain large industrial farms. As the fol lowing sections demonstrate, human health 
can suffer because of contaminated air and degraded water quality, or from diseases spread from farms. 
Quality of life can suffer because of odors or insect vectors surrounding farms, and property values can 
drop, affecting the financial stability of a community. One study found that 82.8% of those living near 
and 89.5% of those living far from CAFOs believed that their property values decreased, and 92.2% of 
those I iving near and 78.9% of those I iving far from CAFOs believed the odor from manure was a problem. 
The study found that real estate values had not dropped and odor infestations were not validated by 
local governmental staff in the areas. However, the concerns show that CAFOs remain contentious in 
communities (Schmalzried and Fal Ion, 2007). CAFOs are an excellent example of how environmental 
problems can directly impact human and community well-being. 

Groundwater 

Groundwater can be contaminated by CAFOs through runoff from land application of manure, leaching 
from manure that has been improperly spread on land, or through leaks or breaks in storage or 
containment units. The EPA's 2000 National Water Quality Inventory found that 29 states specifically 
identified animal feeding operations, not just concentrated animal feeding operations, as contributing 
to water quality impairment (Congressional Research Service, 2008). A study of private water wells in 
Idaho detected levels of veterinary antibiotics, as well as elevated levels of nitrates (Batt, Snow, & Alga, 
2006). Groundwater is a major source of drinking water in the United States. The EPA estimates that 
53% of the population relies on groundwater for drinking water, often at much higher rates in rural areas 
(EPA, 2004). Unlike surface water, groundwater contamination sources are more difficult to monitor. 
The extent and source of contamination are often harder to pinpoint in groundwater than surface water 
contamination. Regular testing of household water wells for total and fecal coliform bacteria is a crucial 
element in monitoring groundwater quality, and can be the first step in discovering contamination issues 
related to CAFO discharge. Groundwater contamination can also affect surface water (Spellman & 
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Whiting, 2007). Contaminated groundwater can move laterally and eventually enter surface water, such 
as rivers or streams. 

When groundwater is contaminated by pathogenic organisms, a serious threat to drinking water can 
occur. Pathogens survive longer in groundwater than surface water due to lower temperatures and 
protection from the sun. Even if the contamination appears to be a single episode, viruses could become 
attached to sediment near groundwater and continue to leach slowly into groundwater. One pollution 
event by a CAFO could become a lingering source of viral contamination for groundwater (EPA, 2005). 

Groundwater can still be at risk for contamination after a CAFO has closed and its lagoons are empty. 
When given increased air exposure, ammonia in soil transforms into nitrates. Nitrates are highly mobile 
in soil, and will reach groundwater quicker than ammonia. It can be dangerous to ignore contaminated 
soil. The amount of pollution found in groundwater after contamination depends on the proximity of the 
aquifer to the CAFO, the size of the CAFO, whether storage units or pits are lined, the type of subsoil, 
and the depth of the groundwater. 

If a CAFO has contaminated a water system, community members should be concerned about nitrates 
and nitrate poisoning. Elevated nitrates in drinking water can be especially harmful to infants, leading 
to blue baby syndrome and possible death. Nitrates oxidize iron in hemoglobin in red blood cells to 
methemoglobin. Most people convert methemoglobin back to hemoglobin fairly quickly, but infants do 
not convert back as fast. This hinders the ability of the infant's blood to carry oxygen, leading to a blue 
or purple appearance in affected infants. However, infants are not the only ones who can be affected by 
excess nitrates in water. Low blood oxygen in adults can lead to birth defects, miscarriages, and poor 
general health. Nitrates have also been speculated to be linked to higher rates of stomach and esophageal 
cancer (Bowman, Mueller, & Smith, 2000). In general, private water wells are at higher risk of nitrate 
contamination than public water supplies. 

Surface Water 

The agriculture sector, including CAFOs, is the leading contributor of pollutants to lakes, rivers, and 
reservoirs. It has been found that states with high concentrations of CAFOs experience on average 20 to 
30 serious water quality problems per year as a result of manure management problems (EPA, 2001). 
This pollution can be caused by surface discharges or other types of discharges. Surface discharges can be 
caused by heavy storms or floods that cause storage lagoons to overfill, running off into nearby bodies of 
water. Pollutants can also travel over land or through surface drainage systems to nearby bodies of water, 
be discharged through man made ditches or flushing systems found in CAFOs, or come into contact with 
surface water that passes directly through the farming area. Soil erosion can contribute to water pollution, 
as some pol I utan ts can bond to eroded soi I and travel to watersheds (EPA, 2001 ). Other types of discharges 
occur when pollutants travel to surface water through other mediums, such as groundwater or air. 

Contamination in surface water can cause nitrates and other nutrients to build up. Ammonia is often 
found in surface waters surrounding CAFOs. Ammonia causes oxygen depletion from water, which 
itself can ki 11 aquatic I ife. Ammonia also converts into nitrates, which can cause nutrient overloads in 
surface waters (EPA, 1998). Excessive nutrient concentrations, such as nitrogen or phosphorus, can lead 
to eutrophication and make water inhabitable to fish or indigenous aquatic life (Sierra Club Michigan 
Chapter, n.d.). Nutrient over-enrichment causes algal blooms, or a rapid increase of algae growth in an 
aquatic environment (Science Daily, n.d.). Algal blooms can cause a spiral of environmental problems 
to an aquatic system. Large groups of algae can block sunlight from underwater plant life, which are 
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habitats for much aquatic life. When algae growth increases in surface water, it can also dominate other 
resources and cause plants to die. The dead plants provide fuel for bacteria to grow and increased bacteria 
use more of the water's oxygen supply. Oxygen depletion once again causes indigenous aquatic I ife to 
die. Some algal blooms can contain toxic algae and other microorganisms, including Pfiesteria, which has 
caused large fish kills in North Carolina, Maryland, and the Chesapeake Bay area (Spellman & Whiting, 
2007). Eutrophication can cause serious problems in surface waters and disrupt the ecological balance. 

Water tests have also uncovered hormones in surface waters around CAFOs (Burkholder et al., 2007). 
Studies show that these hormones alter the reproductive habits of aquatic species I iving in these waters, 
including a significant decrease in the fertility of female fish. CAFO runoff can also lead to the presence 
of fecal bacteria or pathogens in surface water. One study showed that protozoa such as Cryptosporidium 
parvum and Giardia were found in over 80% of surface water sites tested (Spellman & Whiting, 2007). 
Fecal bacteria pollution in water from manure land application is also responsible for many beach 
closures and shellfish restrictions. 

Air Quality 

In addition to pol luting ground and surface water, CAFOs also contribute to the reduction of air quality 
in areas surrounding industrial farms. Animal feeding operations produce several types of air emissions, 
including gaseous and particulate substances, and CAFOs produce even more emissions due to their 
size. The primary cause of gaseous emissions is the decomposition of animal manure, while particulate 
substances are caused by the movement of animals. The type, amount, and rate of emissions created 
depends on what state the manure is in (solid, slurry, or liquid), and how it is treated or contained after 
it is excreted. Sometimes manure is "stabilized" in anaerobic lagoons, which reduces volatile solids and 
controls odor before land application. 

The most typical pollutants found in air surrounding CAFOs are ammonia, hydrogen sulfide, methane, 
and particulate matter, all of which have varying human health risks. Table 1 on page 6 provides 
information on these pollutants. 

Most manure produced by CAFOs is applied to land eventually and this land application can result in air 
emissions (Merkel, 2002). The primary cause of emission through land application is the volatilization of 
ammonia when the manure is applied to land. However, nitrous oxide is also created when nitrogen that 
has been applied to land undergoes nitrification and denitrification. Emissions caused by land application 
occur in two phases: one immediately following land application and one that occurs later and over a 
longer period as substances in the soi I break down. Land application is not the only way CAFOs can em it 
harmful air emissions-ventilation systems in CAFO buildings can also release dangerous contaminants. 
A study by Iowa State University, which was a result of a lawsuit settlement between the Sierra Club and 
Tyson Chicken, found that two chicken houses in western Kentucky emitted over 10 tons of ammonia in 
the year they were monitored (Burns et al., 2007). 

Most studies that examine the health effects of CAFO air emissions focus on farm workers, however 
some have studied the effect on area schools and children. While all community members are at risk from 
lowered air quality, children take in 20-50% more air than adults, making them more susceptible to lung 
disease and health effects (Kleinman, 2000). Researchers in North Carolina found that the closer children 
live to a CAFO, the greater the risk of asthma symptoms (Barrett, 2006). Of the 226 schools that were 
included in the study, 26% stated that there were noticeable odors from CAFOs outdoors, while 8% stated 
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Table 1 Typical pollutants found in air surrounding CAFOs. 

CAFO Emissions Source Traits Health Risks 

Ammonia Formed when Colorless, sharp Respiratory irritant, 
microbes decompose pungent odor chemical burns to 
undigested organic the respiratory tract, 
nitrogen compounds in skin, and eyes, severe 
manure cough, chronic lung 

disease 

Hydrogen Sulfide Anaerobic bacterial Odor of rotten eggs Inflammation of the 
decomposition of moist membranes of 
protein and other eye and respiratory 
sulfur containing tract, olfactory neuron 
organic matter loss, death 

Methane Microbial degradation Colorless, odorless, No health risks. Is a 
of organic matter highly flammable green house gas and 
under anaerobic contributes to climate 
conditions change. 

Particulate Matter Feed, bedding Comprised of fecal Chronic bronchitis, 
materials, dry matter, feed materials, chronic respiratory 
manure, unpaved pollen, bacteria, fungi, symptoms, declines in 
soil surfaces, animal skin eel Is, si I icates lung function, organic 
dander, poultry dust toxic syndrome 
feathers 

they experience odors from CAFOs inside the schools. Schools that were closer to CAFOs were often 
attended by students of lower socioeconomic status (Mirabel Ii, Wing, Marshal I, & Wilcosky, 2006). 

There is consistent evidence suggesting that factory farms increase asthma in neighboring communities, 
as indicated by children having higher rates of asthma (Sigurdarson & Kline, 2006; Mirabelli et al., 2006). 
CAFOs emit particulate matter and suspended dust, which is linked to asthma and bronchitis. Smaller 
particles can actually be absorbed by the body and can have systemic effects, including cardiac arrest. If 
people are exposed to particulate matter over a long time, it can lead to decreased lung function (Michigan 
Department of Environmental Quality [MDEQ] Toxics Steering Group [TSG], 2006). CAFOs also emit 
ammonia, which is rapidly absorbed by the upper airways in the body. This can cause severe coughing 
and mucous build-up, and if severe enough, scarring of the airways. Particulate matter may lead to more 
severe health consequences for those exposed by their occupation. Farm workers can develop acute and 
chronic bronchitis, chronic obstructive airways disease, and interstitial I ung disease. Repeated exposure 
to CAFO emissions can increase the likelihood of respiratory diseases. Occupational asthma, acute 
and chronic bronchitis, and organic dust toxic syndrome can be as high as 30% in factory farm workers 
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(Horrigan, Lawrence, & Walker, 2002). Other health effects of CAFO air emissions can be headaches, 
respiratory problems, eye irritation, nausea, weakness, and chest tightness. 

There is evidence that CAFOs affect the ambient air quality of a community. There are three laws that 
potentially govern CAFO air emissions-the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA, also known as the Superfund Act), the Emergency Planning & Community 
Right to Know Act (EPCRA), and the Clean Air Act (CAA). However, the EPA passed a rule that exempts 
all CAFOs from reporting emissions under CERCLA. Only CAFOs that are classified as large are required 
to report any emission event of 100 pounds of ammonia or hydrogen sulfide or more during a 24-hour 
period locally or to the state under EPCRA (Michigan State University Extension, n.d.). The EPA has 
also instituted a voluntary Air Quality Compliance Agreement in which they will monitor some CAFO 
air emissions, and will not sue offenders but instead charge a small civil penalty. These changes have 
attracted criticism from environmental and community leaders who state that the EPA has yielded to 
influence from the livestock industry. The changes also leave ambiguity as to whether emission standards 
and air quality near CAFOs are being monitored. 

Greenhouse Gas and Climate Change 

Aside from the possibility of lowering air quality in the areas around them, CAFOs also emit greenhouse 
gases, and therefore contribute to climate change. Globally, livestock operations are responsible for 
approximately 18% of greenhouse gas production and over 7% of U.S. greenhouse gas emissions (Massey 
& Ulmer, 2008). While carbon dioxide is often considered the primary greenhouse gas of concern, manure 
emits methane and nitrous oxide which are 23 and 300 times more potent as greenhouse gases than 
carbon dioxide, respectively. The EPA attributes manure management as the fourth leading source of 
nitrous oxide emissions and the fifth leading source of methane emissions (EPA, 2009). 

The type of manure storage system used contributes to the production of greenhouse gases. Many CAFOs 
store their excess manure in lagoons or pits, where they break down anaerobically (in the absence of 
oxygen), which exacerbates methane production. Manure that is applied to land or soi I has more exposure 
to oxygen and therefore does not produce as much methane. Ruminant livestock, such as cows, sheep, or 
goats, also contribute to methane production through their digestive processes. These livestock have a 
special stomach called a rumen that allows them to digest tough grains or plants that would otherwise be 
unusable. It is during this process, called enteric fermentation, that methane is produced. The U.S. cattle 
industry is one of the primary methane producers. Livestock production and meat and dairy consumption 
has been increasing in the United States, so it can only be assumed that these greenhouse gas emissions 
will also rise and continue to contribute to climate change. 

Odors 

One of the most common complaints associated with CAFOs are the odors produced. The odors that 
CAFOs emit are a complex mixture of ammonia, hydrogen sulfide, and carbon dioxide, as well as volatile 
and semi-volatile organic compounds (Heederi k et al., 2007). These odors are worse than smel Is formerly 
associated with smaller livestock farms. The anaerobic reaction that occurs when manure is stored in pits 
or lagoons for long amounts of time is the primary cause of the smells. Odors from waste are carried away 
from farm areas on dust and other air particles. Depending on things like weather conditions and farming 
techniques, CAFO odors can be smelled from as much as 5 or 6 miles away, although 3 miles is a more 
common distance (State Environmental Resource Center, 2004). 
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Because CAFOs typically produce malodors, many communities want to monitor emissions and odors. 
Quantifying odor from industrial farming can be challenging because it is a mixture of free and particle
bound compounds, which can make it hard to identify what specifically is causing the odor. Collecting 
data on specific gases, such as hydrogen sulfide, can be used as a proxy for odor levels. 

CAFO odors can cause severe I ifestyle changes for individuals in the surrounding communities and can 
alter many daily activities. When odors are severe, people may choose to keep their windows closed, even 
in high temperatures when there is no air conditioning. People also may choose to not let their children 
play outside and may even keep them home from school. Mental health deterioration and an increased 
sensitization to smells can also result from living in close proximity to odors from CAFOs. Odor can cause 
negative mood states, such as tension, depression, or anger, and possibly neurophysciatric abnormalities, 
such as impaired balance or memory. People who I ive close to factory farms can develop CAFO-related 
post traumatic stress disorder, including anxiety about declining quality of life (Donham et al., 2007). 

Ten states use direct regulations to control odors emitted by CAFOs. They prohibit odor emissions greater 
than a set standard. States with direct regulations use scentometers, which measure how many times 
an odor has to be doused with clean air before the smel I is undetectable. An additional 34 states have 
indirect methods to reduce CAFO odors. These include: setbacks, which specify how far CAFO structures 
have to be from other buildings; permits, which are the most typical way of regulating CAFOs; public 
comment or involvement periods; and operator or manure placement training. 

Insect Vectors 

CAFOs and their waste can be breeding grounds for insect vectors. Houseflies, stable flies, and 
mosquitoes are the most common insects associated with CAFOs. Houseflies breed in manure, while 
stable and other flies breed in decaying organic material, such as livestock bedding. Mosquitoes breed in 
standing water, and water on the edges of manure lagoons can cause mosquito infestations to rise. Flies 
can change from eggs to adults in only 10 days, which means that substances in which flies breed need to 
be cleaned up regularly. 

Flies are typically considered only nuisances, although insects can agitate livestock and decrease animal 
health. The John Hopkins Bloomberg School of Public Health found evidence that houseflies near poultry 
operations may contribute to the dispersion of drug-resistant bacteria (Center for Livable Future, 2009). 
Since flies are attracted to and eat human food, there is a potential for spreading bacteria or pathogens 
to humans, including microbes that can cause dysentery and diarrhea (Bowman et al., 2000). Mosquitoes 
spread zoonotic diseases, such as West Nile virus, St. Louis encephalitis, and equine encephalitis. 

Residences closest to the feeding operations experience a much higher fly population than average homes. 
To lower the rates of insects and any accompanying disease threats, standing water should we cleaned 
or emptied weekly, and manure or decaying organic matter should be removed twice weekly (Purdue 
Extension, 2007). For more specific insect vector information, please refer to NALBOH's vector guide 
(Vector Control Strategies for Local Boards of Health). 

Pathogens 

Pathogens are parasites, bacterium, or vi ruses that are capable of causing disease or infection in animals 
or humans. The major source of pathogens from CAFOs is in animal manure. There are over 150 
pathogens in manure that could impact human health. Many of these pathogens are concerning because 
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they can cause severe diarrhea. Healthy people who are exposed to pathogens can generally recover 
quickly, but those who have weakened immune systems are at increased risk for severe illness or death. 
Those at higher risk include infants or young children, pregnant women, the elderly, and those who are 
immunosuppressed, HIV positive, or have had chemotherapy. This risk group now roughly compromises 
20% of the U.S. population. 

Table 2 Select pathogens found in animal manure. 

Pathogen Disease Symptoms 

Bacillus anthracis Anthrax Skin sores, headache, fever, 
chills, nausea, vomiting 

Escherichia coli Colibacilosis, Coliform Diarrhea, abdominal gas 
mastitis-metris 

Leptospi ra pomona Leptospi rosis Abdominal pain, muscle pain, 
vomiting, fever 

Listeria monocytogenes Listerosis Fever, fatigue, nausea, 
vomiting, diarrhea 

Salmonella species Sal monel losis Abdominal pain, diarrhea, 
nausea, chi I ls, fever, headache 

Clostirdum tetani Tetanus Violent muscle spasms, 
lockjaw, difficulty breathing 

Histoplasma capsulatum H istoplasmosis Fever, chi I ls, muscle ache, 
cough rash, joint pain and 
stiffness 

Microsporum and Trichophyton Ringworm Itching, rash 

Giardia lamblia Giardiasis Diarrhea, abdominal pain, 
abdominal gas, nausea, 
vomiting, fever 

Cryptosporidium species Cryptosporidosis Diarrhea, dehydration, 
weakness, abdominal cramping 

Sources of infection from pathogens include fecal-oral transmission, inhalation, drinking water, or 
incidental water consumption during recreational water activities. The potential for transfer of pathogens 
among animals is higher in confinement, as there are more animals in a smaller amount of space. Healthy 
or asymptomatic animals may carry microbial agents that can infect humans, who can then spread that 
infection throughout a community, before the infection is discovered among animals. 
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When water is contaminated by pathogens, it can lead to widespread outbreaks of illness. Salmonellosis, 
cryptosporidiosis, and giardiasis can cause nausea, vomiting, fever, diarrhea, muscle pain, and death, 
among other symptoms. E.coli is another serious pathogen, and can be life-threatening for the young, 
elderly, and immunocompromised. It can cause bloody diarrhea and kidney failure. Since many CAFO use 
sub-therapeutic antibiotics with their animals, there is also the possibility that disease-resistant bacteria 
can emerge in areas surrounding CAFOs. Bacteria that cannot be treated by antibiotics can have very 
serious effects on human health, potentially even causing death (Pew Charitable Trusts, n.d.). 

There is also the possibility of novel (or new) viruses developing. These viruses generate through 
mutation or recombinant events that can result in more efficient human-to-human transmission. There 
has been some speculation that the novel H1 N1 virus outbreak in 2009 originated in swine CAFOs in 
Mexico. However, that claim has never been substantiated. CAFOs are not required to test for novel 
viruses, since they are not on the list of mandatory reportable illness to the World Organization for 
Animal Health. 

Antibiotics 

Antibiotics are commonly administered in animal feed in the United States. Antibiotics are included 
at low levels in animal feed to reduce the chance for infection and to eliminate the need for animals 
to expend energy fighting off bacteria, with the assumption that saved energy will be translated into 
growth. The main purposes of using non-therapeutic doses of antimicrobials in animal feed is so that 
animals will grow faster, produce more meat, and avoid illnesses. Supporters of antibiotic use say that it 
allows animals to digest their food more efficiently, get the most benefit from it, and grow into strong and 
healthy animals. 

The trend of using antibiotics in feed has increased with the greater numbers of animals held in 
confinement. The more animals that are kept in close quarters, the more likely it is that infection or 
bacteria can spread among the animals. Seventy percent of all antibiotics and related drugs used in the 
U.S. each year are given to beef cattle, hogs, and chickens as feed additives. Nearly half of the antibiotics 
used are nearly identical to ones given to humans (Kaufman, 2000). 

There is strong evidence that the use of antibiotics in animal feed is contributing to an increase in 
antibiotic-resistant microbes and causing antibiotics to be less effective for humans (Kaufman, 2000). 
Resistant strains of pathogenic bacteria in animals, which can be transferred to humans thought the 
handling or eating of meat, have increased recently. This is a serious threat to human health because 
fewer options exist to help people overcome disease when infected with antibiotic-resistant pathogens. 
The antibiotics often are not fully metabolized by animals, and can be present in their manure. If manure 
pollutes a water supply, antibiotics can also leech into groundwater or surface water. 

Because of this concern for human health, there is a growing movement to eliminate the non-therapeutic 
use of antibiotics with animals. In 2001, the American Medical Association approved a resolution to ban 
all low-level use of antibiotics. The USDA has developed guidelines to I imit low-level use, and some major 
meat buyers (such as McDonald's) have stopped using meat that was given antibiotics that are also used 
for humans. The World Health Organization is also widely opposed to the use of antibiotics, calling for a 
cease of their low-level use in 2003. Some U.S. legislators are seeking to ban the routine use of antibiotics 
with livestock, and there has been legislation proposed to solidify a ban. The Preservation of Antibiotics 
for Medical Treatment Act (PAMTA), which was introduced in 2009, has the support of over 350 health, 
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consumer, and environmental groups (H.R. 1549/S. 619). The act, if passed, would ban seven classes of 
antibiotics important to human health from being used in animals, and would restrict other antibiotics to 
therapeutic and some preventive uses. 

Other Effects- Property Values 

Most landowners fear that when CAFOs move into their community their property values will drop 
significantly. There is evidence that CAFOs do affect property values. The reasons for this are many: 
the fear of loss of amenities, the risk of air or water pollution, and the increased possibility of nuisances 
related to odors or insects. CAFOs are typically viewed as a negative externality that can't be solved or 
cured. There may be stigma that is attached to living by a CAFO. 

The most certain fact regarding CAFOs and property values are that the closer a property is to a CAFO, 
the more likely it will be that the value of the property will drop. The exact impact of CAFOs fluctuates 
depending on location and local specifics. Studies have found differing results of rates of property value 
decrease. One study shows that property value declines can range from a decrease of 6.6% within a 3-mile 
radius of a CAFO to an 88% decrease within 1/10 of a mile from a CAFO (Dakota Rural Action, 2006). 
Another study found that property value decreases are negligible beyond 2 miles away from a CAFO 
(Purdue Extension, 2008). A third study found that negative effects are largest for properties that are 
downwind and closest to I ivestock (Herriges, Secchi, & Babcock, 2005). The size and type of the feeding 
operation can affect property value as well. Decreases in property values can also cause property tax rates 
to drop, which can place stress on local government budgets. 

Considerations for Boards of Health 

Right-to-Farm Laws 

With all of the potential environmental and public health effects from CAFOs, community members and 
health officials often resort to taking legal action against these industrial animal farms. However, there 
are some protections for farms in place that can make lawsuits hard to navigate. Right-to-farm laws were 
created to address conflicts between farmers and non-farming neighbors. They seek to override common 
laws of nuisance, which forbid people to use their property in ways that are harmful to others, and protect 
farmers from unreasonable controls on farming. 

Al I 50 states have some form of right-to-farm laws, but most only offer legal protections to farms if they 
meet certain specifications. Generally, they must be in comp I iance with al I environmental regulations, 
be properly run, and be present in a region first before suburban developments, often a year before the 
plaintiff moves to that area. These right-to-farm laws were originally created in the late 1970s and early 
1980s to protect family farms from suburban sprawl, at a time when large industrial farms were not the 
norm. As industrial farms grew in size and number, the agribusiness industry lobbied for and achieved 
the passage of stricter laws in the 1990s, many of which are now being challenged in court by homeowners 
and smal I family farmers. Opponents to these laws argue that they deprive them of their use of property 
and therefore violate the Fifth Amendment to the Constitution. 

Some state courts have overturned their strict right-to-farm laws, such as Iowa, Michigan, Minnesota, 
and Kansas. Others such as Vermont have rewritten their laws. Vermont's updated right-to-farm bi 11 
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protects established farm practices as long as there is not a substantial adverse effect on health, safety, or 
welfare. 

Boards of health need to be aware of what legal protection their state offers farms. Right-to-farm laws 
can hinder nuisance complaints brought about by community members. State laws can prevent local 
government or health officials from regulating industrial farms. 

Board of Health Involvement with CAFOs 

Boards of health are responsible for fulfilling the three public health core functions: assessment, policy 
development, and assurance. Boards of health can fulfill these functions through addressing problems 
stemming from CAFOs in their communities. Specific public health services that can tackled regarding 
CAFOs include monitoring health status, investigating health problems, developing policies, enforcing 
regulations, informing and educating people about CAFOs, and mobilizing community partnerships to 
spread awareness about environmental health issues related to CAFOs. 

Assessment: Board of health members should ensure that there is an effective method in place for 
collecting and tracking public complaints about CAFOs and large animal farms. Since environmental 
health specialists at local health departments are often responsible for investigating complaints, the 
board of health must take measures to ensure that they are properly trained and educated about 
CAFOs. It is possible that the board of health may be responsible or choose to do some investigations 
itself. Schmalzried and Fal Ion (2008) advocate that local health districts adopt a proactive approach for 
addressing public concerns about CAFOs, stating that health districts can offer some services that may 
help ease public frustration with CAFOs. A fly trapping program can establish a baseline for the average 
number of flies present prior to the start-up of CAFOs or large animal farms, which can then es tab I ish if a 
fly nuisance exists in the area. Testing for water quality and quantity can provide evidence if CAFOs are 
suspected of affecting private water supplies. Boards of health can also monitor exposure incidences that 
occur in emergency rooms to determine if migrant or farm workers are developing any adverse health 
conditions as a result of their work environments. Establishing these programs benefit both members 
of the community and provide information to future animal farm operators, and local boards of health 
should recommend them if they've been receiving complaints about CAFOs. 

Policy Development: Boards of health in many states can adopt health-based regulations about CAFOs, 
however, they may be met with some resistance. Humbolt County, Iowa, adopted four health-based 
ordinances concerning CAFOs that became models for regulations in other states, but the Iowa Supreme 
Court ruled the ordinances were i rreconci I able with state laws. Boards of health that choose to regulate 
CAFOs can also be subject to pressure from outside forces, including possible lawsuits or withdrawal of 
funding. Boards of health should also consider working with other local officials to institute regulations on 
CAFOs, such as zoning ordinances. 

Assurance: Boards of health can execute the assurance function by advocating for or educating about 
better environmental practices with CAFOs. Board members may receive complaints from the public 
about CAFOs, and boards can hold public meetings to receive complaints and hear public testimony 
about farms. If boards of health are not capable of regulating industrial farms in their communities, 
they can still try to collaborate with other local agencies that have jurisdiction. Board of health members 
can educate other local agencies and pub I ic officials about CAFOs and spread awareness about the 
environmental and health hazards. They can request a public hearing with the permitting agency of the 
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CAFO to express their concerns about the potential health effects. They can also work with agricultural 
and farm representatives to teach better environmental practices and pollution reduction techniques. 

In many states, boards of health are empowered to adopt more stringent rules than the state law if it is 
necessary to protect public health. Board of health members should examine their state laws before they take 
any action regarding CAFOs to determine the most appropriate course of action. Any process should include 
an investigative period to gather evidence, public hearings, and a time for public review of draft policies. 

Board of Health Case Studies 

Tewksbury Board of Health, Massachusetts 

Locals have complained about Krochmal Farms, a pig farm, for many years, but complaints have 
increased recently. The addition of a hog finishing facility to the farm coincided with the time that 
community member complaints grew. Most complaints are centered on the odor coming from the 
farm. The complaints were originally just logged when phone cal Is were received; however, the health 
department added a data tracking system as the number of complaints increased. After a complaint is 
received, the sanitarian or health di rector does a site visit to investigate. 

The health di rector in Tewksbury filed an order of prohibition against the farm, which is al lowed under 
Massachusetts law 111, section 143, for anything that threatens public health. The order of prohibition 
was appealed and the matter was taken to the board of health for a grievance hearing. The board of 
health hearing included months of testimony about the pig farm. The board of health is also doing 
a site assignment, which determines if a location is appropriate for treating, storing, or disposing of 
waste, including agricultural waste. The site assignment process includes both the Department of 
Environmental Protection (DEP) and the local board of health. The board of health holds a public hearing 
process, while the DEP reviews the site assignment application. The board of health grants the site 
assignment only if it is concurrently approved by the DEP. 

The health di rector in Tewksbury points out that the only laws the board of health is able to regulate the 
farm under are nuisance laws. There have been efforts by the community to do a home rule petition to 
address the air quality and pest management complaints. The home rule petition is currently working its 
way through the Massachusetts state house. The status of the petition is unknown. 

The board of health has tried to work directly with the pig farm to manage complaints. The farm contains 
manure composting facilities and the health district has requested advance notice to warn the community 
before manure is treated or applied to the soil. The farm has adopted a new manure management system. 
This system uses Rapp technology to control odors and reduce ammonia and hydrogen sulfide levels. 
However, questions still remain as to whether this addition will fully solve the odor issue. Typically, 
systems using Rapp technology include an oil cap that floats on manure holding pools and helps seal odors 
inside. These techniques have been researched and proven to reduce odors. However, the Tewksbury farm 
did not install the oil cap, and it is unknown whether the exclusion of the cap will hinder the technology's 
abi I ity to reduce odors. 

The complaints about the farm primarily concern the odor that emanates from the farm. The complaints 
do include mention of health side effects, including nausea and burning eyes. The health director has also 
heard concerns about potential environmental effects from the pig manure. Community members are 
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worried the manure runoff is entering and contaminating Sutton Brook, since there has been flooding in 
that area. There has been no confirmation of this occurring. The board of health is aware that the farm 
has a nutrient management plan, but they are not allowed to request and find out what is incorporated in 
that plan. 

The Tewksbury piggery is technically not classified as a CAFO, though it is believed to be the largest 
pig farm in the commonwealth of Massachusetts. The area around it has become densely populated and 
the community members state that they just want to I ive peacefully with the farm. The board of health 
has submitted multiple grant applications to study the health effects associated with the farm. After the 
site assignment process is complete, the board of health will decide how it will regulate the farm. At the 
beginning of 2010, the board of health was still working on drafting regulations for the pig farms. 

Wood County Board of Health, Ohio 

Wood County, Ohio, contains two existing large dairy farms, both of which were proposed in 2001 to 
be expanded to over 1500 cows each. It is also the site for three other proposed dairy farms. There is a 
large community effort that supports restricting the operation and expansion of these farms, mainly 
represented by the community group Wood County Citizens Opposed to Factory Farms. The Wood County 
Board of Health became involved in investigating these dairy farms through this community group and 
other local officials. The Trustees of Liberty Township requested assistance from the Wood County Board 
of Health in supporting a moratorium on factory farm operations until local regulations were in effect. 
The trustees believed that manure runoff from the farms could contaminate local waterways, lower the 
ground water table, increase the presence of insect vectors, and devalue local properties. 

The Wood County Health Di rector, in cooperation with the board of health, contacted nearby counties to 
determine what actions they had taken against farms in their communities. While the health director 
and board of health investigated action in the form of a nuisance regulation against the farms, they were 
advised that nuisance lawsuits filed against farms in Ohio were held to a tough standard, and they would 
be forced to demonstrate with scientific proof that the farms have a substantial adverse effect on health. 
They found that no other board of health in Ohio had opted to regulate farming operations and relied on 
the enforcement of existing state laws. 

The board of health held a public forum to hear public opinion regarding the industrial farms. Ultimately, 
the Wood County Board of Health took actions other than regulations to help protect the health and 
environment of its community. They helped community members protect the safety of their water wells 
by offering free and low cost water wel I testing and inspections. They tested area ditch and water ways 
for fecal coliform bacteria, phosphorous, and nitrates to monitor the impact of farm runoff. They also 
purchased fly traps to monitor and count fly types to determine if the farms have caused an increase in 
insect vectors. Board of health members also met with state officials from the Ohio EPA in an effort to 
faci I itate cooperation regarding the factory farms.While the Wood County Board of Health and Health 
Department chose not to institute any local regulations, they continue to monitor the situation and 
respond to community complaints. 

Cerro Gordo County Board of Health, Iowa 

Officials in Cerro Gordo County, Iowa, began looking into regulating animal feeding operations after the 
number of hog farms in Iowa started to grow. Floods in North Carolina and new regulations in Colorado 
meant that many hog farms began relocating to Iowa. Many citizens had concerns over the effects of 
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CAFOs, and the Iowa State Association of Counties wanted to review air quality issues. Officials in Cerro 
Gordo County originally began working on a regulation that required inspections and was based on public 
health concerns, since farms were al ready exempt from any regulations related to zoning. However, Iowa 
state senators soon introduced legislation that passed and prevented any animal feeding operations from 
being regulated from a public health angle as well. 

As Iowans were now prevented from regulating animal feeding operations in terms of zoning or public 
health, officials in Cerro Gordo County decided to place a moratorium on the construction of new 
animal feeding operations in that county. They wanted to temporarily stop the growth of animal feeding 
operations unti I they could get better science about their effects. Cerro Gordo County Ordinance #40, the 
"Animal Confinement Moratorium Ordinance," went into effect on May 14, 2002. Since the moratorium 
did not address public health or zoning, officials were able to get around the rules and still have a way 
to temporarily control animal feeding operation growth in their county. The ordinance placed "a 1-year 
moratorium on any new construction, expansion, or activity occurring on land used for the production, 
care, feeding, or housing of animals." The ordinance also afforded "local pub I ic health officials adequate 
time to appropriately assess health and environmental concerns that may be related to confined 
animal feeding operations and concentration of animals; establish objective measurable standards of 
enforcement; exercise the Board of Health's responsibility to protect and improve the health of the public; 
refrain from impacting farm operators unfairly; and provide penalties for violations of the provisions 
hereof pursuant to Chapter 137, Code of Iowa" (Cerro Gordo County, 2002). 

The moratorium was first adopted by the Cerro Gordo County Board of Health. It was then presented 
to the county board of supervisors by the health di rector on behalf of the board of health. Before the 
board of health adopted the moratorium, they held an investigative meeting in which representatives 
from the Iowa Farm Bureau and other industry spokespeople exchanged opinions on the issue of animal 
feeding operations. The moratorium was created through a collaboration between local and county 
officials-health department staff, the board of health, and the board of supervisors. The moratorium did 
not receive any help or backing from state officials, who were concerned about the political nature of the 
ordinance. However it did receive backing from a Globe Gazette editorial. 

The moratorium was immediately met with resistance from state officials. The Cerro Gordo County Board 
of Supervisors was contacted by a local legislator, and the Iowa Farm Bureau stated they would challenge 
the county budget. The Iowa Farm Bureau threatened to take the county to court. There were concerns 
over the cost of a court trial, which was estimated to be as high as $60,000. The county attorney doubted 
the legality of the moratorium and ultimately recommended removing it. The moratorium was in effect 
unti I June of 2005, when it was repealed by the county board of supervisors. 

Since the moratorium was repealed there have been a few hog farms built in Cerro Gordo County, but 
the decline in pork prices has prevented any large growth of hog farms. Health officials believe that if 
the county had not implemented the animal confinement moratorium, there would have been many more 
farms built in their county, since many hog farms were built in counties south of Cerro Gordo County. 
There is now a process for siting new animal confinement operations in Iowa that uses a Master Matrix 
scoring system. The Cerro Gordo County Board of Supervisors tracks the Master Matrix system, but so 
far no animal feeding operations in Iowa who have applied using this system have been denied the right 
to build. 
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Conclusion 

Concentrated animal feeding operations or large industrial animal farms can cause a myriad of 
environmental and pub I ic health problems.While they can be maintained and operated properly, it is 
important to ensure that they are routinely monitored to avoid harm to the surrounding community. 
While states have differing abilities to regulate CAFOs, there are still actions that boards of health can 
and should take. These actions can be as complex as passing ordinances or regulations directed at CAFOs 
or can be simply increasing water and air quality testing in the areas surrounding CAFOs. Since CAFOs 
have such an impact locally, boards of health are an appropriate means for action. Boards of health 
should take an active role with CAFOs, including collaboration with other state and local agencies, to 
mitigate the impact that CAFOs or large industrial farms have on the public health of their communities. 
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Appendix A: Regulatory Definitions of Large CAFOs, Medium CAFOs, and 
Small CAFOs 

Size Thresholds (number of animals) 

Animal Sector 

Large CAFOs Medium CAF0s1 Small CAF0s2 

Cattle or cow/calf pairs 1,000 or more 300-999 Less than 300 

Mature dairy cattle 700 or more 200-699 Less than 200 

Veal calves 1,000 or more 300-999 Less than 300 

Swine (over 55 pounds) 2,500 or more 750-2,500 Less than 750 

Swine (under 55 pounds) 10,000 or more 3,000-9,999 Less than 3,000 

Horses 500 or more 150-499 Less than 150 

Sheep or Iambs 10,000 or more 3,000-9,999 Less than 3,000 

Turkeys 55,000 or more 16,500-54,999 Less than 16,500 

Laying hens or broilers3 30,000 or more 9,000-29,999 Less than 9,000 

Chickens other than laying hens4 125,000 or more 37.500-124,999 Less than 37,500 

Laying hens4 82,000 or more 25,000-81,999 Less than 25,000 

Ducks4 30,000 or more 10,000-29,999 Less than 10,000 

Ducks3 5,000 or more 1 , 500-4, 999 Less than 1,500 

Data: Environmental Protection Agency 

2 

3 

4 

Must also meet one of two "method of discharge" criteria to be defined as a CAFO or must be 
designated. 

Never a CAFO by regulatory definition, but may be designated as a CAFO on a case-by-case basis. 

Liquid manure handling system 

Other than a liquid manure handling system 
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Appendix B: Additional Resources 

American Public Health Association. Precautionary moratorium on new concentrated animal feed 
operations. http://www.apha.org/advocacy/pol icy/pol icysearch/default.htm?id=1243 

Center for a Livable Future. http://www.livablefutureblog.com/ 

Environmental Health Sciences Research Center. Iowa concentrated animal feeding operation air quality 
study. http://www.public-health.uiowa.edu/ehsrc/CAFOstudy.htm 

Environmental Protection Agency. Animal feeding operations. http://cfpub.epa.gov/npdes/home. 
cfm?program_id=? 

Food and Water Watch. http://www.foodandwaterwatch.org/ 

Impacts of CAFOs on Rural Communities. http://web.missouri.edu/ikerdj/papers/l ndiana%20--%20 
CAF0s%20%20Communities.htm#_ftn1 

Land Stewardship Project. http://www.landstewardshipproject.org/i ndex.htm I 

Midwest Environmental Advocates. http://www.midwestadvocates.org/ 

National Agriculture Law Center. Animal feeding operations reading room. 

http://www.nationalaglawcenter.org/readingrooms/afos 

National Association of Local Boards of Health. Vector control strategies for local boards of health. 

http://www.nalboh.org/publications.htm 

Pew Charitable Trusts. Human health and industrial farming. http://www.saveantibiotics.org/index.html 

Pew Commission on Industrial Animal Farm Production. http://www.ncifap.org/ 

Purdue Extension. Concentrated animal feeding operations. http://www.ansc.purdue.edu/CAFO/ 

State Environmental Resource Center. http://serconline.org 

18 

ED _001369_00043779-00042 



References 

Barrett, J.R. (2006). Hogging the air: CAFO emissions reach into schools. Environmental 
Health Perspectives 114(4), A241. Retrieved from http://ehp03.niehs.nih.gov/article/ 
info%3Adoi%2F10.1289%2Fehp.114-a241a 

Batt, A.L., Snow, D.D., & Aga, D.S. (2006). Occurrence of sulfonamide antimicrobials in private water 
wel Is in Washington County, Idaho, USA. Chemosphere, 64(11 ), 1963-1971. Retrieved from http:// 
digitalcom mons.un I .edu/cgi/viewcontent.cgi?article=1017 &context=watercenterpubs 

Bowman, A., Mueller, K., & Smith, M. (2000). Increased animal waste production from concentrated 
animal feeding operations (CAFOs): Potential implications for public and environmental health. 
Nebraska Center for Rural Health Research. Retrieved from http://www.unmc.edu/rural/ 
documents/cafo-report.pdf 

Burkholder, J., Libra, B., Weyer, P., Heathcote, S., Kol pin, D., Thorne, P., et al. (2007). Impacts of waste 
from concentrated animal feeding operations on water quality. Environmental Health Perspectives, 
11(2), 308-312. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1817674/pdf/ 
ehp0115-000308.pdf 

Burns, R., Xin, H., Gates, R., Li, H., Hoff, S., Moody, L., et al. (2007). Tyson broiler ammonia emission 
monitoring project: Final report. Retrieved from http://www.sierraclub.org/envi ronmental law/ 
lawsu i ts/docs/ky-tyson report.pdf 

Center for Livable Future. (2009). Flies may spread drug-resistant bacteria from poultry operations. 
Retrieved from http://www.l ivablefutu reblog.com/2009/03/fl ies-may-spread-drug-resistant
bacter ia-f rom-pou It ry-operat ions/ 

Cerro Gordo County, Iowa. (2002). Ordinance #40: Animal confinement moratorium ordinance. Retrieved 
from http://www.cghealth.net/pdf/An i malConfi nement Moratori umOrdi nance.pdf 

Congressional Research Service. (2008). Animal waste and water qua/ ity: EPA regulation of concentrated 
animal feeding operations (CAFOs). Retrieved from http://www.nationalaglawcenter.org/assets/crs/ 
RL31851.pdf 

Dakota Rural Action. (2006). CAFO economic impact. Retrieved from http://www.dakotarural.org/index. 
php?option=com_content&view=article& id=17 & I tern id=30 

Donham, K.J., Wing, S., Osterberg, D., Flora, J.L., Hodne, C., Thu, K.M., et al. (2007). Community health 
and socioeconomic issues surrounding CAFOs. Environmental Health Perspectives 115(2), 317-320. 
Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1817697/pdf/ehp0115-000317.pdf 

Environmental Protection Agency. (1998). Environmental impacts of animal feeding operations. Retrieved 
from http://www.epa.gov/waterscience/guide/feedlots/envimpct.pdf 

19 

ED_ 001369 _ 00043779-00043 



understanding concentrated animal feeding operations 

Environmental Protection Agency. (2001). Environmental assessment of proposed revisions to the 
national pollutant discharge elimination system regulation and the effluent guidelines for 
concentrated animal feeding operations. Available from http://cfpub.epa.gov/npdes/docs. 
cfm?view=archivedprog&program_id=? &sort=name 

Environmental Protection Agency. (2004). Water on tap: A consumer's guide to the nation's drinking 
water. Retrieved from http://permanent.access.gpo.gov/lps21800/www.epa.gov/safewater/wot/ 
wheredoes.html 

Environmental Protection Agency. (2005). Detecting and mitigating the environmental impact of fecal 
pathogens originating from confined animal feeding operations: Review. Retrieved from http://www. 
farmweb.org/Articles/Detecting%20and%20M itigating%20the%20Envi ronmental%201 mpact%20 
of%20Fecal%20Pathogens%200riginating%20from%20Confined%20Animal%20Feeding%20 
Operations.pdf 

Environmental Protection Agency. (2009). Animal feeding operations. Retrieved from http://cfpub.epa.gov/ 
npdes/home.cfm?program_id=? 

Environmental Protection Agency. (2009). Inventory of U.S. greenhouse gas emissions and sinks: 1990-
2007. Retrieved from http://epa.gov/cl imatechange/emissions/usinventoryreport.html 

Government Accountabi I ity Office. (2008). Concentrated animal feeding operations: EPA needs more 
information and a clearly defined strategy to protect air and water quality from pollutants of 
concern. Retrieved from http://www.gao.gov/new.items/d08944.pdf 

Heederik, D., Sigsgaard, T., Thorne, P.S., Kline, J.N., Avery, R., Br2ml0kke, et al. (2007). Health 
effects of airborne exposures from concentrated animal feeding operations. Environmental 
Health Perspectives, 115(2), 298-302. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC1817709/pdf/ehp0115-000298.pdf 

Herriges, J.A., Secchi, S., & Babcock, B.A. (2005). Living with hogs in Iowa: The impact of livestock 
facilities on rural residential property values. Land Economics, 81, 530-545. 

Horrigan, L., Lawrence, R.S., & Walker, P. (2002). How sustainable agriculture can address the 
environmental and human health harms of industrial agriculture. Environmental Health 
Perspectives, 110(5), 445-456. Retrieved from http://ehpnet1.niehs.nih.gov/members/2002/110p445-
456horrigan/EHP110p445PDF.PDF 

Kaufman, M. (2000). Worries rise over effect of antibiotics in animal feed; Humans seen vulnerable 
to drug-resistant germs. Washington Post, p. A01. Retrieved from http://www.upc-onl ine. 
org/00031 ?wpost_an i mal_feed.htm I 

Kleinman, M. (2000). The health effects of air pollution on children. Retrieved from http://www.aqmd.gov/ 
forstuden ts/hea I th_effects_on_ch i Id ren. pdf 

20 

ED _001369_00043779-00044 



MacDonald, J.M. and McBride, W.D. (2009). The transformation of U.S. livestock agriculture: Scale, 
efficiency, and risks. United States Department of Agriculture. Retrieved from http://www.ers. 
usda.gov/Publ ications/EI B43/E I B43.pdf 

Massey, R. and Ulmer, A. (2008).Agricultureandgreenhousegasemission. University of Missouri 
Extension. Retrieved from http://extension.m issou ri .edu/publ ications/DisplayPub.aspx?P=G310 

Merkel, M. (2002). Raising a stink: Air emissions from factory farms. Environmental Integrity Project. 
Retrieved from http://www.envi ronmental integrity.org/pdf/publ ications/CAFOAi rEmissions_ 
white_paper.pdf 

Michigan Department of Environmental Quality (MDEQ) Toxics Steering Group (TSG). (2006). 
Concentrated animal feedlot operations (CAFOs) chemicals associated with air emissions. 
Retrieved from http://www.michigan.gov/documents/CAFOs Chemicals_Associated_with_Air_ 
Em issions_5-10-06_ 158862_7.pdf 

Michigan State University Extension. (n.d.) Air emission reporting under EPCRA for CAFOs. Retrieved 
from http://www.animalagteam.msu.edu/Portals/O/MSUE%20EPCRA%20REPORTING%20 
FACT%20SHEET.pdf 

Mirabelli, M.C., Wing, S., Marshall, S.W., & Wilcosky, T.C. (2006). Race, poverty, and potential exposure 
of middle-school students to air emissions from confined swine feeding operations. Environmental 
Health Perspectives, 114(4), 591-596. Retrieved from http://ehp.niehs.nih.gov/realfiles/ 
mem be rs/2005/8586/8586. pdf 

Pew Charitable Trusts. (n.d.) Antibiotic-resistant bacteria in animals and unnecessary 
human health risks. Retrieved from http://www.saveantibiotics.org/resources/ 
PewHumanHealthEvidencefactsheet7-14FI NAL.pdf 

Pew Commission on Industrial Animal Farm Production. (2009). Putting meat on the table: Industrial 
farm animal production in America. Retrieved from http://www.ncifap.org/_images/PCI FAPFin.pdf 

Purdue Extension. (2007). Contained animal feeding operations-Insect considerations. Retrieved from 
http://www.ces.purdue.edu/extmedia/1 D/cafo/1 D-353.pdf 

Purdue Extension. (2008). Community impacts of CAFOs: Property value. Retrieved from http://www.ces. 
purdue.edu/extmedia/1 D/1 D-363-W.pdf 

Schmalzried, H.D. & Fallon, L.F., Jr. (2007). Large-scale dairy operations: Assessing concerns of 
neighbors about quality-of-life issues. Journal of Dairy Science, 90(4), 2047-2051. Retrieved from 
http://jds.fass.org/cgi/repri nt/90/4/2047?maxtoshow=&h its=1 O&RESU L TFORMAT=&ful ltext=larg 
e-scale&searchid=1 &FI RSTI N DEX=O&volume=90& issue=4& resou rcetype=HWCIT 

Schmalzried, H.D. & Fallon, L.F., Jr. (2008). A proactive approach for local public health districts to 
address concerns about proposed large-scale dairy operations. Ohio Journal of Environmental 
Health, Fall/Winter 2008, 20-25. 

21 

ED_ 001369 _ 00043779-00045 



understanding concentrated animal feeding operations 

Science Daily. (n.d.) Algal bloom. Retrieved from http://www.sciencedaily.com/articles/a/algal_bloom.htm 

Sierra Club Michigan Chapter. (n.d.) Glossary of CAFO terms. Retrieved from http://michigan.sierraclub. 
org/issues/g reat lakes/art icles/cafoglossary .h tm l#E 

Sigurdarson,S.T. & Kline, J.N. (2006). School proximity to concentrated animal feeding operations and 
prevelance of asthma in students. Chest, 129, 1486-1491. Retrieved from http://chestjournal. 
chestpubs.org/content/129/6/1486.fu 11.pdf 

Spellman, F.R. & Whiting, N.E. (2007). Environmental management of concentrated animal feeding 
operations (CAFOs). Boca Raton, FL: CRC Press. 

State Environmental Resource Center. (2004). Issue: Regulating air emissions from CAFOs. Retrieved 
from http://www.serconline.org/cafoAi rEm issions.htm I 

22 

ED _001369_00043779-00046 



ED_ 001369 _ 00043779-0004 7 



Exhibit 41 

ED_ 001369 _ 00043779-00048 



Industrialized Animal Production-A Major 
Source of Nutrient and Microbial Pollution 

to Aquatic Ecosystems 

Michael A. Mallin 
Lawrence B. Cahoon 

University of North Carolina at Wilmington 

Livestock production has undergone massive industrialization in recent decades. 
Nationwide, millions of swine, poultry, and cattle are raised and fed in concen
trated animal feeding operations (CAFOs) owned by large, vertically integrated pro
ducer corporations. The amount of nutrients (nitrogen and phosphorus) in animal 
manure produced by CAFOs is enormous. For example, on the North Carolina 
Coastal Plain alone an estimated 124,000 metric tons of nitrogen and 29,000 metric 
tons of phosphorus are generated annually by livestock. CAFO wastes are largely 
either spread on fields as dry litter or pumped into waste lagoons and sprayed as 
liquid onto fields. Large amounts of nitrogen and phosphorus enter the environment 
through runoff, percolation into groundwater, and volatilization of ammonia. Many 
CAFOs are located in nutrient-sensitive watersheds where the wastes contribute to 
the eutrophication of streams, rivers, and estuaries. There is as yet no comprehen
sive Federal policy in place to protect the environment and human health from 
CAFO generated pollutants. 

KEY WORDS: swine; poultry; nutrients; pathogens; eutrophication. 

INTRODUCTION 

Humans first domesticated a number of animal species in several 
regions of the world ca. 4-6,000 years ago (Diamond, 1997). Early domes-
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tication of animals allowed humans to exploit their abilities to convert oth
erwise inaccessible resources into useful products and services. Animal 
production was necessarily resource-limited and since production was 
tightly coupled to the productivity of the landscape, animal waste produc
tion would seldom have exceeded the assimilation capacity of the land
scape. 

In recent decades livestock production, particularly that of swine, cat
tle and poultry, has undergone a major change toward industrialization. 
The industrialization of the cattle and poultry industries began in the late 
1950s while industrialization of swine production began in the 1970s 
(Thu & Durrenberger, 1998). Industrialization of livestock production basi
cally consists of moving animals from pastures and lots into large buildings, 
where they are confined and fed throughout their lives until they are ready 
for market. Adoption of confined feeding techniques, together with the 
availability of large quantities of feedstuffs and efficient transportation sys
tems, now allow animal producers to circumvent the ecological constraints 
otherwise imposed by the landscape. As a consequence, animal waste pro
duction often exceeds the assimilatory capacity of the landscape both lo
cally and regionally. 

Individual concentrated animal feeding operations (CAFOs) now house 
hundreds to thousands of animals in each confinement structure, and vast 
amounts of animal waste are generated by these facilities. Swine waste is 
deposited on the floor of the structures by the animals, where it is periodi
cally washed between slats in the floor into a system of trenches and pipes 
beneath the buildings. From there it is conveyed outside and into a cesspit 
called a "waste lagoon." Some anaerobic treatment occurs in the lagoon 
and the liquid waste is periodically applied on surrounding fields by surface 
spraying, surface spreading, or in some cases subsurface injection. Crops 
planted on the fields, such as Bermuda grass, cotton, corn, and soy take up 
some of the plant nutrients in the waste material. Some poultry CAFOs 
utilize the lagoon system, but the majority of poultry CAFOs dispose of dry 
litter on the fields (Williams et al., 1999). In any case, concentrated waste 
material is spread onto fields, from where it can enter the environment 
through surface runoff or groundwater infiltration (Edwards & Daniel, 1992; 
Mallin, 2000). Thus, individual CAFOs represent an ecologically anoma
lous concentration of animals whose waste production can easily exceed 
the assimilatory capacity of the local landscape. 

Regional concentrations of CAFOs create circumstances in which very 
large imbalances of waste production versus waste assimilation capacity 
can arise (Barker and Zublena, 1995; Jackson et al., 2000). The use of care
fully formulated feeds, the need for large amounts of these feeds, and trans-
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portation cost considerations have led to the regional concentration of 
CAFOs around feed mills and meat packing facilities (C. Wright, personal 
communication). Swine CAFOs are abundant on the North Carolina Coastal 
Plain, and in Midwestern states such as Iowa, Minnesota, Michigan, and 
Indiana, and are moving into western areas such as Utah and Colorado 
(Thu & Durrenberger, 1998). Poultry CAFOs are abundant in Iowa, Arkan
sas, Georgia, Maryland, Virginia, Delaware, North Carolina, California, and 
Mississippi (Edwards & Daniel, 1992). Cattle CAFOs are rare on the east 
coast but common in Texas and several midwestern states. The environ
mental challenge of regional concentration has been recognized explicitly 
for some time, e.g., in legislation introduced by Sen. Harkin (D-lowa) in 
1997 (the Animal Agriculture Reform Act, S.B. 1223). Sen. Harkin (1997) 
cited the Department of Agriculture as reporting: "The continued intensifi
cation of animal production systems without regard to the adequacy of the 
available land base for manure recycling presents a serious policy 
problem." 

CAFOs have also had many acute pollution problems with their waste 
disposal systems, including lagoon ruptures and major leaks caused by mis
management or weather (Mallin, 2000). For example, 25 million gallons of 
liquid swine waste entered North Carolina's New River and its estuary fol
lowing a waste lagoon rupture in 1995, polluting 22 miles of the river and 
much of the upper estuary. The pollution load caused freshwater and estua
rine fish kills and algal blooms, and polluted the river and its sediments 
with fecal bacteria for months (Burkholder et al., 1997). That same year a 
poultry lagoon breach and a large swine waste lagoon leak also caused 
algal blooms, fish kills, and microbial contamination in North Carolina's 
Cape Fear River basin (Mallin et al., 1997). In all of these cases large quan
tities of nutrients (nitrogen and phosphorus) entered downstream water 
bodies from the CAFO sites. Major CAFO accidents have also occurred in 
Iowa, Maryland, and Missouri (Thu & Durrenberger, 1998; Mallin, 2000). 
While the acute pollution caused by CAFOs is well documented, the sheer 
magnitude of their distribution and abundance merits an examination of 
the chronic effects that these facilities may have on our water resources. 

North Carolina presents an excellent example of the effects of rapidly 
increasing industrialized livestock production, particularly that of swine. 
Industrialization of North Carolina's swine production began in the 1980s, 
and continued rapidly until the mid to late 1990s (Burkholder et al., 1997). 
The lagoon waste disposal system was deployed with little foresight for 
the environmental consequences, and CAFOs were constructed with little 
regulation until lagoon construction standards, siting regulations, and waste 
management plans were legally required in 1993 (Burkholder et al., 1997). 
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A moratorium on new CAFO production was begun in 1997; however, this 
did not take full effect until nearly 10,000,000 head of swine were present 
in eastern North Carolina, the vast majority in CAFOs (Burkholder et al., 
1997; Mallin, 2000). 

This large number of swine (currently exceeding the North Carolina 
human population of 7,900,000), as well as poultry and cattle, requires vast 
amounts of animal feed, which contains nitrogen (N) and phosphorus (P), 
nutrients that can lead to the eutrophication of water bodies (Carpenter et 
al., 1998; Correll, 1998; Cahoon etal., 1999; Glasgow & Burkholder, 2000; 
Mallin, 2000). Cahoon et al. (1999) noted that as of 1995 the animal pro
duction industry in North Carolina's Cape Fear River basin produced some 
82,700 metric tons of N and 26,000 metric tons of Pas waste in this water
shed. Glasgow and Burkholder (2000) computed that in 1998 North Caroli
na's Neuse River watershed received 41,000 metric tons of N and 16,000 
metric tons of P from CAFOs in that basin. Since the vast majority of feed 
for swine and poultry is shipped into these watersheds from midwestern 
states (Thu & Durrenberger, 1998; Cahoon et al., 1999), most of the nutri
ents added to the watershed through animal manures are considered "new" 
nutrients, imported into the system rather than recycled within it. The pur
pose of this paper is to describe the magnitude of industrialized animal 
production in a large region of the North Carolina Coastal Plain (see Figure 
1), assess the potential contribution of nutrients and microbial pollution to 
this region, and describe the realized and potential effects of this pollutant 
load. 

METHODS 

An assessment of animal waste contributions to pollutant loads on the 
North Carolina Coastal Plain required computation of livestock numbers by 
animal category in the region, and estimates of the amount of N, P, and 
bacteria excreted by each species of I ivestock on an annual basis. The 
Coastal Plain contains over 90% of the State's swine population, the vast 
majority of its turkeys, and about 30% of the chicken population. For each 
of the 38 counties in the region, the most recent available data on annual 
production of several types of livestock (swine, broiler chickens, other 
chickens, turkeys, and cattle) were obtained from the website of the North 
Carolina Department of Agriculture (NCDA, http://www.agr.state.nc.us/stats/ 
cntysumm). On an annual basis, there are approximately 2.9 turkey genera
tions (cohorts) and 6.5 broiler chicken generations produced. Thus, the tur
key and broiler production figures provided on the NCDA website for each 
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Swine Farms in Eastern North Carolina River Basins 

!!llli!B!l Cities 
I< d Coastal Waters 
D River Basins 

Swine Operations 

FIGURE 1. Location of swine CAFOs (operations with 250 or more head) 
on the North Carolina Coastal Plain by river basin. 

county were divided by these numbers to yield average annual standing 
stock (total animals present at any one time), and subsequent annual ma
nure production. 

Animal waste N and P production rates were calculated using recent 
published information or data from industry sources. Swine waste N and P 
contents were calculated using data supplied by T. van Kempen (North 
Carolina State University): 15.9 kg N/yr and 5.3 kg P/yr for sows, 11.1 kg N/ 
yr and 2.3 kg P/yr for grower-finisher pigs, and are similar to those reported 
elsewhere, e.g., Powers and Van Horn (1998). Total swine N and P excre
tion rates were then calculated using the proportion of sows and grower
finisher pigs (0.103 and 0.897, respectively in 1998 (NCDA, 1999). Turkey 
and broiler chicken N excretion were calculated using data from Powers 
and Van Horn (1998); they report N excretion as 0.395 kg N/turkey pro
duced and 0.017 kg N/broiler produced. Using N:P ratios of 3.57:1 for 
turkey waste and 3.23:1 for broiler chicken waste (NRCS, 1996, Chapter 
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4 ), P excretion was calculated as 0.11 kg P/turkey produced and 0.0053 kg 
P/broiler produced. Annual N and P excretion rates for cattle were calcu
lated as in Cahoon (1999), using estimates of 46.8 kg N/cow and 11.7 kg 
P/cow. 

The Lower Cape Fear River Program at the University of North Caro-
1 ina at Wilmington has collected nutrient data at 35 locations located 
throughout the Cape Fear River basin since 1995. Published data for a sta
tion in the Northeast Cape Fear River near the town of Sarecta (GPS coordi
nates N34 43.365, W77 51.752) are presented below. These data are of 
interest because of that station's proximity to numerous CAFOs (see Figure 
1). Since ammonium volatilization is most active during warm months 
(NCDAQ, 1997), summertime (May-September) ammonium data are pre
sented for a six-year period from 1996 through 2001. 

Estimates of fecal coliform bacteria excreted on a daily basis for several 
of the livestock species were obtained from Sobsey (1996). Based on this 
reference the following fecal coliform bacterial daily production figures 
were used for pigs (1.2 x 1010 colony-forming units (CFU)), chickens (1.4 x 
108 CFU), and cows (6.0 x 109 CFU). 

RESULTS 

The North Carolina Coastal Plain produces large numbers of swine, 
broiler chickens, and turkeys, and smaller but significant numbers of other 
chickens and cattle (Table 1 ). Swine production in North Carolina is second 

TABLE 1 

Population of Livestock by Category on the North Carolina Coastal 
Plain, 2000-2001 (About 6.5 generations of broilers and 2.9 turkey 

generations are produced per year. Dividing broiler chicken and 
turkey production by these factors provides standing stock, 
or numbers present at any one time on the Coastal Plain.) 

Animal Category 

Swine 
Broiler chickens 
Other Chickens 
Turkeys 
Cattle 

Numbers Used in Nutrient Calculations 

8,700,000 (standing stock) 
210,000,000 (produced) 

3,480,000 (produced) 
31,800,000 (produced) 

149,000 (standing tock) 
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in the United States only to Iowa (Burkholder et al., 1997; USNASS, 1997). 
North Carolina ranks fourth in the United States in broiler chickens sold, 
and first in the United States in turkeys sold (USNASS, 1997). The vast 
majority of the swine and poultry are in CAFOs, whereas many of the cattle 
are grazed on open lands. 

Our computations show that swine and turkey production contribute 
the greatest amount of N and Pin the annual waste stream (Table 2). Swine 
alone generate 101,000 metric tons of N and turkeys 12,600 metric tons. 
Swine also generate 22,700 tons of P and turkeys 3,500 metric tons. Thus, 
swine are by far the largest producers of nutrients in comparison with other 
livestock on the Coastal Plain, and the manner of their waste disposition 
deserves attention. Swine waste from CAFOs is invariably pumped into la
goons, some of which are located on river floodplains. In North Carolina 
liquid waste from the lagoons is typically then sprayed out on adjoining 
fields, from which surface drainage to waterways or subsurface drainage to 
groundwaters can occur. The nutrients produced by poultry CAFOs as ma
nure are largely spread as dry litter on fields, with some pumped into waste 
lagoons, from which they are sprayed as liquid waste onto fields. Secondary 
treatment of livestock waste for nutrient removal is seldom practiced. 

This analysis does not take into account nutrients produced by the 
decomposition of dead animals. Following Hurricane Floyd in October 
1999, the news media published numerous photographs of drowned swine 
and poultry from CAFOs in areas inundated by floodwaters. The numbers 
of drowned livestock may have been very large, as Wing et al. (2002) deter
mined that 241 CAFOs were within the geographical coordinates of the 
areas inundated by post-Floyd floodwaters according to satellite imagery. 

TABLE2 

Estimated Amounts of Nitrogen and Phosphorus (metric tons) 
Excreted Annually by Various Livestock Categories on the 

North Carolina Coastal Plain, 2000-2001 

Animal Category Nitrogen Phosphorus 

Swine 101,000 22,700 
Broiler chickens 3,570 1,110 
Other Chickens 60 20 
Turkeys 12,600 3,500 
Cattle 7,000 1,750 

Grand Total 124,230 29,080 
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N.C. Department of Agriculture statistics report over 1 million swine mor
talities per year as of 1998, not counting piglets lost (N.C. DA, 1999); thus, 
animal carcasses are likely another significant source of nutrients to the 
environment. 

Data published by the Lower Cape Fear River Program (avai I able at 
the website http://www.uncwi I .edu/cmsr/aquaticecology/laboratory/lcfrp) 
demonstrate that there was a statistically significant increase in ammonium 
levels at a Northeast Cape Fear River station (Sarecta) during the period 
1996-2001 (see Figure 2). Ammonium comprises the largest portion of total 
N in swine and poultry liquid waste (Burkholder et al., 1997; Mallin et al., 
1997; Williams et al., 1999). Along with transport of ammonium in runoff 
or subsoil movement, it can be volatilized and transported in the gaseous 
ammonia form (Edwards & Daniel, 1992; Williams et al., 1999; Mallin, 
2000). The station at Sarecta has 344 swine CAFOs within a 20 km radius, 
and 587 swine CAFOs within a 30 km radius (we have no data on poultry 
CAFOs). This station likely receives ammonium inputs from overland runoff 
and lateral groundwater flow, and airborne deposition. The implications of 
nutrient increases to downstream waters are discussed below. 
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FIGURE 2. Summer ammonium concentrations at Sarecta, a water quality 
station on the Northeast Cape Fear River in a location near numerous 
CAFOs, data from 1996 to 2001. 

ED _001369_00043779-00056 



377 

MICHAEL A. MALLIN AND LAWRENCE B. CAHOON 

Applying Sobsey's (1996) conversion factors figures to livestock popu
lations on North Carolina's Coastal Plain yields estimated annual excretion 
of fecal coliform bacteria of 3.8 x 1018 from swine, 1.7 x 1018 CFU from 
broilers, 1.8 x 1017 from other chickens, and 3.3 x 1017 from cattle. 

DISCUSSION 

Fate of Excreted Nutrients 

As mentioned earlier, major storms and accidents are documented 
mechanisms by which large amounts of nutrients have been abruptly trans
ported from CAFOs to receiving waters (Burkholder et al., 1997; Mallin 
et al., 1997; 1999; Mallin, 2000). However, CAFOs also chronically export 
nutrients to water resources through several means. Normal rain events 
carry nutrients from swine sprayfields to nearby streams through surface 
and subsurface runoff (Evans et al., 1984; Westerman et al., 1987) where 
these inputs have caused stream nitrate-N to rise above 5 mg N/L and P 
above 1 mg P/L (Stone et al., 1995; Gilliam et al., 1996). Nutrients, mainly 
nitrate and ammonium, also leach downwards into groundwater from 
animal waste lagoons, sprayfields, and litter fields. In a set of 11 North 
Carolina swine lagoons, Huffman and Westerman (1995) found average 
inorganic (ammonium and nitrate) N concentrations of 143 mg/Lin nearby 
groundwater, and found that through leakage the lagoons exported on aver
age 4.7 kg Niday to groundwater. Also in North Carolina Westerman et al. 
(1995) found average concentrations of ammonium in downslope well 
fields that exceeded 50 mg N/L, compared with upslope wells that were 
less than 1 mg N/L. The nitrate form of N is especially mobile in soils and 
can pass readily through soils to contaminate groundwater. Liebhardt et al. 
(1979) found high levels of nitrate in soil groundwater beneath Delaware 
cornfields where poultry waste was applied as the sole fertilizer, with evi
dence that the nitrate moved laterally toward a nearby stream. Using nitro
gen isotopic techniques Karr et al., (2001) have traced nitrate generated 
from swine waste spray fields through shallow groundwater into receiving 
stream waters, and at least 1.5 km downstream. Phosphorus is much less 
mobile, and binds readily to soil particles. However, when the P content 
of soils is built up dramatically through excessive manure application, both 
surface export and subsurface loss of P occurs (Sharpley et al., 1999). 

Anaerobic treatment of swine wastes with high concentrations of or
ganic N promotes deamination, resulting in high concentrations of ammo
nium-N in lagoon liquid. Liming is used to maintain a pH above about 7, 
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favoring ammonia formation. Ammonia volatilizes from sprayfields and 
waste lagoons, and is transported downwind (McCulloch et al., 1998; 
Aneja et al., 2000; Walker et al., 2000). The North Carolina Department of 
Air Quality estimates that 70-80% of all swine waste N and a somewhat 
lesser percentage of poultry waste N is thus volatilized (N.C. D.A.Q., 1997). 
It is notable that the Neuse River watershed, which contains approximately 
25% of North Carolina's swine population and numerous poultry produc
tion facilities and is downwind of a large concentration of CAFOs in the 
Cape Fear watershed, registered a 14% increase in total N and a 34% in
crease in nitrate over the seven year period 1990-1997 (Glasgow & Burk
holder, 2000). While other anthropogenic sources of N undoubtedly con
tributed to this loading, the large recent rise in CAFOs in those watersheds 
would suggest that animal production is a significant cause of these nutrient 
inputs. Walker et al. (2000) and Mallin (2000) have documented a trend of 
increasing ammonium deposition in the coastal region of North Carolina, 
which they attribute to animal production sources. At Sarecta on the North
east Cape Fear River a steady rise in river ammonium concentrations from 
1996-2001 is evident (see Figure 2). There are no new or large wastewater 
treatment facilities in that area that can account for this increase. The single 
major land use change in that area has been the rapid proliferation of 
CAFOs during the 1980s and 1990s (see Figure 1). 

Potential Impacts on Water Resources 

Kellogg (2000) prioritized U.S. watersheds in terms of vulnerability to 
manure nutrient contamination based on a number of factors, including soil 
percolation, soil runoff potential, soil erosion potential, and amount of ani
mal nutrients applied to soils. Much of the North Carolina Coastal Plain, 
especially the Albemarle-Pamlico and Cape Fear watersheds, ranked high
est in the nation in vulnerability. Many of the surface water supplies down
stream of CAFO-dense areas on the North Carolina Coastal Plain (Figure 1) 
are sensitive to N and/or P loading, and will respond by formation of algal 
blooms (Rudek et al., 1991; Paerl et al., 1990; Glasgow & Burkholder, 2000). 
This is especially true in the Neuse, Pamlico, and New Rivers and their 
estuaries (Dame et al., 2000; Mallin et al., 2000). Algal blooms can build 
up high concentrations of biomass, and eventually die and become a 
source of labile organic material. Bacteria feed on this biomass and multi
ply, creating high biochemical oxygen demand (BOD) that will at times 
lower dissolved oxygen concentrations to levels that can kill sessile bottom 
organisms and create areas in which finfish cannot survive-a loss of us
able habitat. Another impact of increased nutrient loading on estuaries is 
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to stimulate growth of the toxic dinoflagellates Pfiesteria piscicida and P. 
shumwayae, which have bloomed downstream of CAFO areas in the 
Neuse, Pamlico, and New River Estuaries of North Carolina and the Chesa
peake Bay in Maryland (Burkholder et al., 1995; Burkholder & Glasgow, 
1997; Glasgow et al., 2001). Growth of P. piscicida is more stimulated by P 
loading whereas P. shumwayae appears to be more stimulated by N inputs 
(Glasgow et al., 2001 ). Both species of Pfiesteria have caused many fish 
kills in North Carolina and some in Maryland, as well as human health 
problems to researchers and watermen exposed to its toxins (Burkholder et 
al., 1995; Burkholder & Glasgow, 1997; Burkholder & Glasgow, 2001). 
Blooms of these organisms and consequent fish kills have led to closures 
of areas in the Chesapeake Bay region and the Albemarle-Pamlico estuarine 
region in North Carolina to commercial fishing, due to health concerns 
over the consumption of affected fish and exposure to airborne Pfiesteria 
toxins when on the water (Burkholder & Glasgow, 2001). 

In the Cape Fear River basin, which produces 50% of North Carolina's 
swine and vast numbers of poultry, most of the CAFOs are in watersheds 
drained by blackwater streams. These are streams that drain lowland forests 
and riverine swamps, and in pristine condition are naturally nutrient poor. 
Recent experiments have been conducted on the response of blackwater 
streams to increased nutrient loading (Mallin et al., 2001). These experi
ments showed that N inputs of 1 mg/L led to spring and summer algal 
blooms in test waters, while P levels of 1 mg/L caused significant produc
tion of heterotrophic microbes and increased biochemical oxygen demand 
(Mallin, 2000; Mallin et al., 2000; Mallin et al., 2001). Since recent assess
ments (Figure 2) show a steady increase in ammonium in certain down
stream locations in the Cape Fear basin, this loading has the potential for 
degrading water quality in areas receiving nutrient inputs. 

Seagrass beds are an important coastal habitat for many species of 
finfish and shellfish. Historically, important seagrass habitat has been lo
cated downstream of CAFO-rich areas in the Albemarle-Pamlico estuarine 
system in North Carolina as well as the Chesapeake Bay. Much of that 
habitat disappeared in the mid-to-late 1900s. A number of factors can cause 
losses of seagrass, including reduced photosynthesis from increased turbid
ity (Dennison et al, 1993). However, the most important seagrass species 
on the mid-Atlantic seaboard (eelgrass---Zostera marina) has been shown 
to be sensitive to nitrate loading, and can die under prolonged exposure to 
nitrate concentrations of 50 to 100 µg N/L or higher (Burkholder et al., 
1992; Burkholder et al., 1994). Some coastal North Carolina waters can 
periodically receive extended inputs of nitrate from upstream fresh
water sources that exceed these critical levels (Mallin et al., 1993; Paerl 
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et al., 1995; Mallin et al., 1999; Glasgow & Burkholder, 2000) thus provid
ing a habitat stressful to eelgrass survival or re-establishment. 

Animal Pathogens and Humans 

Livestock are known to excrete many of the same pathogenic bacteria, 
viruses, and protozoans that can afflict humans. These organisms include 
pathogenic bacteria such as Escherichia coli, Salmonella spp., and Strepto
coccus spp., pathogenic protozoans such as Giardia lamblia and Crypto
sporidium parvum, and a number of viruses (Mawdsley et al., 1995). The 
way animal waste is treated will affect pathogen survival and potential 
transmission to humans. Composting of manure raises temperatures high 
enough to kill most microbes, but animal waste slurries do not reach lethal 
temperatures (Mawdsley et al., 1995). Microbes in animal waste slurries 
such as lagoon liquid can survive for extended periods; E coli has been 
known to survive up to 11 weeks in such an environment (Mawdsley et al., 
1995). If waste is applied to the land surface survival time is cut to a matter 
of days, particularly under conditions of bright sunlight (Crane et al., 1983; 
Mawdsley et al., 1995). However, rain events occurring shortly after animal 
waste is surface-applied to fields cause vertical and horizontal movement 
of microbes to nearby water bodies (Crane et al., 1983; Mawdsley et al., 
1995; Mallin, 2000). Large-scale microbial disease outbreaks have been 
traced to livestock vectors. In 1999 and 2000 the news media reported 
incidents in Albany, New York (MMWR 1999) and Walkerton, Ontario of 
mass illnesses and some deaths to humans that were exposed to pathogenic 
E coli in water sources contaminated by runoff from cattle husbandry 
areas. 

As indicated above, livestock on the Coastal Plain excrete large 
amounts of fecal bacteria in manure. Unlike human waste, microbes gener
ated by CAFOs are not exposed to secondary treatment or chlorination to 
disinfect the material. When applied to fields in manure the vast majority 
of these microbes are likely deactivated by ultraviolet radiation, microbial 
competition and predation, or other means (Crane et al., 1983). However, 
because of the sheer volume of microbes deposited, there still remains a 
significant pollution potential from this material entering surface or ground
waters that humans wi 11 contact. If CAFO-generated microbes enter the sed
iments of water bodies, organisms such as E coli can find a favorable envi
ronment where they can remain viable for over two months (Davies et al., 
1995). For example, following a large swine waste lagoon spill in the New 
River, North Carolina, Burkholder et al. (1997) found fecal coliform bacte
rial counts ranging from 1,000,000 to 3,000,000 per 100 ml of river water 
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several km downstream from the spill site. These very high concentrations 
declined to the range of 1,000 to 5,000 per 100 ml after 14 days, and to 
less than 1,000 per 100 ml in 61 days. However, further sampling indicated 
that the river sediments maintained concentrations of fecal bacteria up to 
5,000 per 100 ml for 61 days. The risk of large quantities of fecal microbes 
entering the environment is thus high following acute CAFO mishaps; al
though the risk of human exposure to these microbes chronically through 
normal operations is yet undetermined. 

Regulation 

Point source discharges from municipal or industrial wastewater treat
ment plants are regulated under the National Pollution Discharge Elimina
tion System (NPDES) enacted by the National Environmental Policy Act of 
1971 (NEPA). This process authorizes the US Environmental Protection 
Agency or individual states to license and inspect dischargers, and set maxi
mum pollutant discharge concentrations. However, CAFOs have been con
sidered to be non-point source dischargers, and were thus exempt from this 
process. As such, regulation of pollutant discharges from them has been 
piecemeal and varies from state to state. Current legislated and regulatory 
controls on the environmental effects of CAFOs have generally followed 
demonstration of negative environmental impacts, rather than preventing 
them, e.g., Maryland's Water Quality Improvement Act of 1998. Laws and 
regulations in many states define CAFOs as farms and tacitly assume that 
CAFOs manage nutrients and other wastes as do conventional farms, when 
in fact CAFO operations depart significantly from the ecological relation
ships that control farm productivity (Jackson et al., 2000). Moreover, most 
laws and regulations address CAFOs as individual operations, thus neglect
ing the considerable effects of concentration of many CAFOs in relatively 
smal I regions. 

Although some Federal legislators have shown concern for the envi
ronmental impacts of CAFOs (Harkin, 1997), comprehensive legislation de
signed to regulate CAFO-generated pollution has not yet occurred on the 
Federal level. Federal regulations have only recently recognized the need 
to limit P over-application in animal wastes; the U.S. Department of Agri
culture's Natural Resource Conservation Service mandates soil P manage
ment in its most recent version of the Nutrient Management Standard 590 
(Sharpley & Tunney, 2000). Implementation by the states is not uniform, 
however, as they utilize different soil test procedures, different risk assess
ment methods, and different remediation responses. North Carolina has just 
developed a Phosphorus Loss Assessment Tool (PLAT), which has not yet 
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been fully implemented. However, these new regulations address only one 
aspect of the larger set of environmental challenges posed by CAFOs, and 
fail to address the consequences of regional concentration of CAFOs at all. 
Consequently, CAFOs present a major challenge to the current system of 
environmental law and regulations in the United States. 
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CB.Ell\.,83_ Little is known about the health effects of living in close proximity to 
industrial swine operations. We assessed the relationship between estimated ex
posure to airborne effluent from confined swine feeding operations and asthma 
symptoms among adolescents who were aged 12 to 14 years. 

l'v1ETH(D3_ During the 1999-2000 school year, 58 169 adolescents in North Carolina 
answered questions about their respiratory symptoms, allergies, medications, so
cioeconomic status, and household environments. To estimate the extent to which 
these students may have been exposed during the school day to air pol I ution from 
confined swine feeding operations, we used publicly available data about schools 
(n ff 265) and swine operations (n ff 2343) to generate estimates of exposure for 
each public school. Prevalence ratios and 95% confidence intervals for wheezing 
within the past year were estimated using random-intercepts binary regression 
models, adjusting for potential confounders, including age, race, socioeconomic 
status, smoking, school exposures, and household exposures. 

Fffi.JllS. The prevalence of wheezing during the past year was slightly higher at 
schools that were estimated to be exposed to airborne effluent from confined 
swine feeding operations. For students who reported allergies, the prevalence of 
wheezing within the past year was 5% higher at schools that were located within 
3 miles of an operation relative to those beyond 3 miles and 24% higher at schools 
in which livestock odor was noticeable indoors twice per month or more relative 
to those with no odor. 

cx:Mll.610\6. Estimated exposure to airborne pollution from confined swine feeding 
operations is associated with adolescents' wheezing symptoms. 
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DURING THE PAST 2 decades, the process of raising 
swine and other livestock has grown into a major 

industry in the United States. Production has shifted 
from smaller, family-owned farms to larger, industrial
ized confined animal feeding operations (CAFOs). Ani
mals in North Carolina's industrialized operations are 
raised in confinement buildings, housing hundreds to 
thousands of hogs per operation. Residues of food addi
tives, bedding, dried waste, and animal dander are 
vented from confinement buildings, and animal waste 
from the confinement houses is flushed into on-site 
cesspools, where it begins to decompose and aerosolize 
anaerobically before being sprayed onto nearby land. 
There are concerns about the health impacts of exposure 
to particulate matter, antibiotic residues, volatile organic 
compounds, and bioaerosols that are present in air that 
is downwind from confinement buildings, waste la
goons, and spray fields. 1-4 

I n occupational settings, adverse respiratory symp
toms and changes in bronchial responsiveness and lung 
function have been observed among confinement build
ing workers. 5- 12 Studies that have compared swine CAFO 
neighbors with other rural residents showed that neigh
bors reported more frequent respiratory symptoms and 
mucosa! membrane irritation.13 This literature about 
health impacts of residential exposures that arise from 
CAFOs focuses on adults2,13- 15 and may describe inade
quately the potential respiratory health effects among 
children, who may experience notably different physi
cal, educational, and social impacts from such exposures. 
We designed this research to assess the relationship be
tween self-reported wheezing symptoms among adoles
cents who were aged 12 to 14 years and estimated 
exposure to airborne effluent from swine CAFOs. 

METHODS 
Th is study combined data about adolescents' respiratory 
health symptoms, data from a survey of school environ
ments, and location data about swine CAFOs and public 
schools in North Carolina. Random-intercepts binary 
regression models were used to estimate prevalence ra
tios (PRs) that assessed the association between airborne 
swine pollutants and the prevalence of wheezing symp
toms. 

North Carolina School Asthma Survey Data 
During the 1999-2000 school year, the North Carolina 
Department of Health and Human Services conducted a 
statewide respiratory health surveillance project to as
sess the prevalence of respiratory symptoms among mid
dle school-aged children.16 Approximately 67% 
(128 568 of 192 248) of all eligible students participated 
in the survey, which included core wheezing questions 
from the International Study of Asthma and Allergies in 
Childhood questionnaire, a standardized and validated 
instrument that combines a traditional written question-

naire with a series of video scenes that show children 
with asthma symptoms. 17- 20 To complete the video-based 
survey questions, students viewed a sequence of video 
vignettes that showed adolescents experiencing asthma
related symptoms; each scene was followed by time to 
complete a written survey question, allowing each stu
dent to indicate whether he or she had experienced 
symptoms like those illustrated in the scene.19,20 We an
alyzed the prevalence of any wheezing symptoms within 
the past year ("current wheezing"), as determined by 
responses to questions about wheezing at rest, waking at 
night as a result of wheezing, exercise-induced wheez
ing, and severe wheezing attacks. The definition of cur
rent wheezing used here is consistent with that applied 
in previous analyses of the North Carolina School 
Asthma Survey (NCSAS) data.1621- 23 

To evaluate whether the estimated exposure had an 
impact other asthma-related outcomes, we assessed "se
vere wheezing" using responses to survey questions 
about waking at night asa result of wheezing and having 
a severe wheezing attack during the past year; consid
ered the severe wheezing symptoms to be frequent 
when they occurred at least once per month ("frequent 
severe wheezing"); and evaluated physician-diagnosed 
asthma, medical care, and behavioral consequences of 
asthma-related symptoms. 

Each adolescent also answered questions about age, 
race, Hispanic ethnicity, allergies, socioeconomic status, 
cigarette smoking history, and home environment. We 
included age as a continuous variable (centered at 13) 
and categorized all other variables: race (black/white); 
Hispanic ethnicity (yes/no); allergies to cat, dog, dust, 
grass, or pollen (yes/no); ever smoked cigarettes (yes/ 
no); number of other smokers in household (0, 1, 2, or 
ff3); and use of a gas stove at home (ffi1 time per month 
vs ff1 times per month). Socioeconomic status was as
sessed using responses to a question about payment for 
lunch at school, with lower economic status designated 
by receiving free or reduced-price lunch at school com
pared with paying full price for lunch or bringing lunch 
to school. 

School Environment Data 
During the 2003-2004 school year, we mailed 4 copies 
of a survey to principals of 337 public schools and asked 
each to distribute the surveys to current school employ
ees. More than 800 anonymous survey respondents, 
employed in 265 (79%) of the targeted schools, an
swered questions about their observations of the envi
ronmental conditions in and around the school build
ings. The survey responses indicated whether there was 
visible evidence of the presence of cockroaches, rodents, 
or mold and noticeable odors from indoor ( eg, mold) and 
outdoor (eg, nearby industries) sources of airborne pol
lutants. Responses were used to create school-level in
dicator variables for the presence of indoor respiratory 
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irritants and sources of outdoor air pollution from agri
culture and industries that are located near the school. 
Because of concerns about response bias resulting from 
social and political conflict surrounding industrial swine 
production in North Carolina, we asked survey respon
dents to answer a question about livestock odor gener
ically rather than about odor specifically arising from 
swine operations. When we received ffl1 survey from a 
single school, schools were categorized as positive for a 
given survey question when any respondent reported 
the given condition. 

SwineCAFC) Expa;urecstimates 
Estimates of exposure to airborne pollution from 2343 
swine CAFOs were generated using data from permits 
that were issued by the North Carolina Division of Water 
Quality to all CAFOs that house at least 250 animals and 
use a liquid waste management system. Records con
tained mandatory information about each CAFO facility, 
including geographic coordinates and the number, type, 
and weight of animals (called steady-state live weight 
[SSLW]) at each operation.324 CAFO operators who filed 
applications for liquid waste management permits with 
the state agency provided latitude and longitude coordi
nates of their operations; the coordinates were verified 
and corrected, when necessary, when state inspectors 
visited the operations, although the extent to which the 
information was corrected by agency inspectors was not 
recorded in the data (S. Lewis, personal communication, 
2002). 

Separate exposure estimates were developed on the 
basis of distances between schools and swine CAFOs and 
of survey responses about noticeable odors from live
stock farms. Distances and geographic directions be
tween schools and CAFOs were calculated using the 
formulas given by Goldberg et al 25 and Sinnott,26 respec
tively. We used calculations of proximity to create 3 
metrics of potential exposure for each school: (1) dis
tance to the nearest operation; (2) SSLW within 3 miles; 
and (3) a weighted SSLW based on the distance between 
the school and nearby swine CAFOs, the SSLW of each 
operation, and the proportion of wind measurements in 
the direction from the operation to the school. We ob
tained measurements of wind speed and direction re
corded at 16 automated weather stations located 
throughout the state from the State Climate Office of 
North Carolina (Raleigh, NC). Hourly averages from 
January 1999 through December 1999 and from the 
weather station located nearest each school-CAFO pair 
were used to compute the proportion of time when the 
wind was blowing from the operation to the school. 
Weighted SSLW values for each CAFO within 3 miles of 
a school were the product of the squared inverse of the 
distance between theschool-CAFO pair, the operation's 
SSLW value, and the proportion of time that regional 
wind measurements indicated that wind was blowing 
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from the operation toward the school. For each school, 
weighted SSLW values were summed and the schools 
were assigned categories of low, medium, and high ex
posure on the basis of terti les of the distribution of values 
among schools with 1 or more swine CAFOs located 
within 3 miles. A 3-mile radius was selected on the basis 
of previous research about the impacts of swine CAFOs 
on health and quality of life among neighbors who live 
within a 2-mile radius2,13; for this research, we expanded 
the potential zone of exposure to 3 miles because odors 
from swine CAFOs sometimes are reported at distances 
of ffl2 miles. 

Study Population 
Students in 499 public schools participated in NCSAS, 
and each student provided data about his or her respi
ratory health. Schools in 14 counties that did not contain 
a swine CAFO or border a county with at least 1 swine 
CAFO (n ff 45), schools within the city limits of the 6 
cities with populations ffl100 000 (nff 61), schools 
within 5 miles of the state border (n ff 18), schools with 
ffi25 students surveyed (rtf 34), schools that had closed 
or relocated since 2000 (n ff 11 ), and schools that did 
not respond to the survey about in-school environmen
tal conditions (n ff 72) were excluded from our study. 
The remaining 265 public schools were included in our 
study. From these 265 schools, a total of 73 305 boys and 
girls who were aged 12 to 14 years responded to NCSAS. 
Of those, 58169 (79%) who reported black or white 
race and provided complete data for all asthma survey 
variables of interest constituted our final study popula
tion. 

Statistical Analyses 
Multivariate analyses were conducted separately for in
dividuals with and without self-reported allergies to cat, 
dog, dust, grass, and/or pollen. To assess the relationship 
between the prevalence of wheezing symptoms and the 
estimates of in-school exposure, we used random-inter
cepts binary regression. This method accounted for the 
hierarchical clustering of student-level data within 
schools. Specifically, we used a variation of the general
ized linear mixed model E(Yx) ff exp(ffiJ I ffb<) similar 
to those described by Singer27 and McLeod,28 in which 
the student's outcome is modeled by a combination of 
student-level (level 1) and school-level (level 2) models. 
The student-level model was defined as 

loge-P;1•J ffb1 I ffl1x11 I ff~x21 I ... I fflnxnJ (level 1 ), 

where Pu is the probability of outcome y ff 1 for 
individual i in school j, P;J C binomial; ff61 is school
specific intercept (intercept for school j); and ffl is the 
effect of individual-level predictor xu. Level 1 models 
included student-level variables for age, gender, race, 
Hispanic ethnicity, economic status, allergy status, ciga-
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rette smoking experience, number of other smokers in 
the household, and use of a gas kitchen stove at home. 
The school-level (level 2) model was defined as 

ff61J ffb I -1Z1 I -2Z2 I ... I -nzm I - 01 (level 2), 

where ffb is the mean of school-level means for outcome 
y (ie, fixed intercept); - is the effect of school-level 
predictor zJ; zJ is the school-level predictor for school j; 
- oJ C N(0,•00 ); and •00 is between-school variance. The 
level 2 models included main exposure variable(s) and 
indicator variables for rural school locale, survey-re
ported presence of indoor respiratory irritants (cock
roaches, rodents, mold visible, mold odor, or flooding of 
school buildings within the past 5 years), and survey
reported industry other than a swine CAFO located near 
the school. The level 2 model, substituted into the level 
1 model, results in a final 2-level random-intercepts 
model, 

loge--P;1•J ff61 I ff~x11 I ff~x21 I ... I fflnXnJ I - 1Z1 

I - 2Z2 I · · · I - nZm I - Qj, 

where - 0J is the random intercept term. Associations 
were estimated as PRs (exp[-]) using SAS statistical 
software version 8.2 (SAS Institute Inc, Cary, NC). 

RE5ULTS 
More than 26% ( 15 250 of 58 169) of students who 
participated in NCSAS during the 1999-2000 school 
year reported wheezing during the past year (ie, current 
wheezing). Table 1 shows adjusted PRs for individual
and school-level characteristics. Of the individual-level 
characteristics, the highest PR was observed for self
reported allergy status (PR: 2.20; 95% confidence inter
val [Cl]: 2.14-2.27). Variations in the prevalence of 
current wheezing by school-level characteristics and in
dicators of school-specific environmental health condi
tions were less pronounced. 

Of the 265 schools, 66 (25%), including 10 518 
(18%) surveyed students, were located within 3 miles of 
at least 1 (range: 1-27) swine CAFO. More than 50% of 
the schools were within 7 miles of the nearest operation 
(median: 6.7 miles; range: 0.22-42.0 miles). The average 
SSLW capacity of operations that were located within 3 
miles of a school was slightly lower than that of opera
tions that were located beyond 3 miles (556 283 lb vs 
605 139 lb), and, overall, the SSLW capacity of swine 
CAFOs increased with increasing distance from the near
est surveyed school (ffl [SE] per mile ff 15 948 [4791]). 
On the basis of the environmental health surveys and 
according to survey respondents, livestock odor was no
ticeable outside buildings in 86 (33%) schools and inside 
the buildings in 39 (15%) schools. 

Table 2 presents adjusted PRs for wheezing using each 
exposure measure separately for students with and 
without allergies. PRs were 1.05 (95% Cl: 1.00-1.10) 

and 1.02 (95% Cl: 0.94-1.11) for adolescents who did 
and did not have allergies, respectively, and attended 
schools that were located within 3 miles of the nearest 
swine CAFO. PRs were approximately unity for schools 
that were closer than 2 miles, compared with schools 
with no nearby swine CAFOs, and were 1.12 (95% Cl: 
1.04-1.19) and 1.08 (95% Cl: 0.95-1.21 ), respectively, 
for students who did and did not have self-reported 
allergies and attended schools that were located between 
2 and 3 miles from the nearest operation. Associations 
with SSLW and the weighted SSLW exposure categories 
also tended to be highest for the low exposure groups 
and closer to unity for higher exposure groups compared 
with schools with no nearby swine CAFOs. Basing po
tential exposure estimates on survey-reported livestock 
odor resulted in 20 fewer schools' and 3315 fewer ado
lescents' being considered unexposed. The prevalence of 
current wheezing was 24% and 21 % higher among 
allergic and nonallergic students, respectively, at schools 
in which livestock odor was noted inside the school 
building 2 or more times per month relative to the 
prevalence at schools without any survey reports of 
I ivestock odor. 

Table 3 presents adjusted associations between school 
proximity within 3 miles of a swine CAFO and alterna
tive asthma outcomes as well as functional conse
quences of asthma-related symptoms. Results indicate 
that larger proportions of adolescents who attended 
school near at least 1 swine CAFO experienced respira
tory symptoms, physician diagnosis, asthma-related 
medical treatment, activity limitations, and missing 
school because of their symptoms. In the population of 
all students, the largest PRs were observed for physician
diagnosed asthma (PR: 1.07; 95% Cl: 1.01-1.14), med
ication use (PR: 1.07; 95% Cl: 1.00-1.15), and visit to a 
physician or an emergency department or hospitaliza
tion (PR: 1.06; 95% Cl: 1.00-1.12). Most associations 
were slightly higher in adolescents with self-reported 
allergies; however, the PR for physician-diagnosed 
asthma was higher among students without (PR: 1.14; 
95% Cl: 1.01-1.26) compared with those with (PR: 1.06; 
95% Cl: 0.99-1.12) self-reported allergies. Adjusted as
sociations between these outcomes and the presence of 
livestock odor in and around the schools indicate only 
slightly elevated proportions of wheezing symptoms, 
physician diagnosis, use of asthma-related medical care, 
activity limitations, and missed school among students in 
schools where employees reported noticeable livestock 
odor (Table 4). When school-level exposures were as
signed on the basis of reported livestock odor (Table 4), 
the PRs for severe wheezing (PR: 1.05; 95% Cl: 1.00-
1.10) and frequent severe wheezing (PR: 1.06; 95% Cl: 
0.98-1.14) were higher than when exposure was as
signed on the basis of distance to the nearest swine 
CAFO (severe wheeze, C 3 miles: 1.02 [95% Cl: 0.97-
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TAElE 1 Olaracteristics of North Carolina School Asthma Survey Participants and Public Schools in 

North Carolina 

N 

Total 58169 
Age,'/' 

12 17905 
13 28130 
14 12134 

Rlce 
\/\lhite 43590 
Black 14579 

Gender 
rvlale 28342 
Female 29827 

SE indicator 
Lunch not sutsidized 41719 
Lunch sutsidized 16450 

Hispanic ethnicity 
No 54827 
Yes 3342 

Allergies 
No 31480 
Yes 26689 

Btersrnoked 
No 40632 
Yes 17537 

No. of other smokers in householdb 
0 27662 
1 16079 
2 10209 
ff3 4219 

Frequency of gas kitchen stove use 
L..e;s than once per more 45546 
Olce per month or more 12623 

Rnal school locale 
No 30154 
Yes 28015 

ln-6chool asthma triggersd 
No 4619 
Yes 53550 

Location near non-livestock industrye 
No 52184 
Yes 5985 

FR indicatES prevalence ratio; S:5, socioaxinomic status. 
'Adjustoo for all individual-level and s::hool-level covariatES in the table. 
b lncludoo in the model asa continuous variable. 
'R3ferent category. 

students\/\lho ~ported 
OJrrent\/\lheezing, n (%) 

15250(26.2) 

4873(27.2) 
7268(25.8) 
3109(25.6) 

10919(25.1) 
4331 (29.7) 

6798(24.0) 
8452(28.3) 

10088 (24.2) 
5162(31.4) 

14 236 (26.0) 
1014(30.3) 

5149(16.4) 
10101 (37.9) 

9154(22.5) 
6096(34.8) 

6138(22.2) 
4447(27.7) 
3178(31.1) 
1487(35.3) 

11 384 (25.0) 
3866(30.6) 

8074(26.8) 
7076(25.6) 

1147(24.8) 
14103 (26.3) 

13603 (26.1) 
1647(27.5) 

FR(95%0)" 

1.06(1.04-1.08) 
1.00' 

0.95 (0.93--0.96) 

1.00 
1.04(1.01-1.08) 

1.00 
1.07(1.04-1.10) 

1.00 
1.16 (1.12-1.20) 

1.00 
1.11 (1.06-1.16) 

1.00 
220 (2.14-227) 

1.00 
1.35(1.31-1.39) 

1.00 
1.09(1.07-1.10) 
1.18(1.15-1.21) 
1.29(1.24-1.34) 

1.00 
1.14(1.11-1.17) 

1.00 
0.96 (0.92-1.00) 

1.00 
1.03(0.95-1.11) 

1.00 
1.06 (0.99-1.13) 

ciEnvironmental HEalth &Jrvey re;porscs about cockroochES, rodents, mold, and/or flooding in s::hool buildings (no: 24 s::hools; ye,. 241 
s::hools). 
e Environmental HEalth &Jrvey re;porscsabout non-liVESl:ock industriES locatoo nffif the s::hool (No: 236 s::hools; Ye,. 29 s::hools). 

1.07]; frequent severe wheeze, C 3 miles: 1.01 [95% Cl: 
0.92-1.09]; Table 3). 

DIS:USSION 
We observed elevated prevalences of current wheezing 
among 12- to 14-year-old students who attended public 
schools near swine CAFOs, especially among students 
with self-reported allergies. Such associations are plau
sible, given that swine CAFOs are sources of bioaerosols, 
endotoxins, and other airborne asthma triggers. The 
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availability of standardized symptom data and the inde
pendence of symptom and exposure data strengthen 
confidence in the validity of our findings. Overall, esti
mates of excess current wheezing symptoms among stu
dents who attended schools nearby swine CAFOs are as 
high as 24% among students who attended schools 
where livestock odor was reported outside as well as 
inside 2 or more times per month. Excess prevalence of 
current wheezing tended to be greater among students 
who reported allergies. Although the majority of the 
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TABLE2 Associations Between the Prevalence of Wheezing and Exposure to Confined SNine Feeding Operations by Adolescents' Self

Reported Allergic Status, North Carolina 

Total Self-Reported Allergies No Self-Reported Allergies All 
No.of (nff 26689) (n ff 31480) (Nff 58169) 

&hools 
Total 1/\iheeze, FR Total 1/\iheeze, FR Total 1/\iheeze, FR 
No.of n(o/o)" (95%0)b No.of n(o/o) (95%Cl)b No.of (%) (95%Cl)0 

students students students 

Current wheeze 10101 (37.9) 5149(16.4) 15250(26.2) 
Miles to nearestswineCC\FO 

ffl3 199 21898 8145(37.2) 1.00 25753 4138(16.1) 1.00 47651 12283(25.8) 1.00 
Cl 3 66 4791 1956(40.8) 1.05(1.00-1.10) 5727 1011 (17.7) 1.02(0.94-1.11) 10518 2967 (28.2) 1.04 (0.99-1.09) 

2toCl3 22 1865 822(44.1) 1.12(1.04-1.19) 2107 396(18.8) 1.08(0.95-1.21) 3972 1218(30.7) 1.10(1.02-1.18) 
Cl 2 44 2926 1134(38.8) 1.01 (0.95-1.07) 3820 615(17.0) 0.99(0.89-1.09) 6546 1749(26.7) 1.01 (0.95-1.07) 

Hog pounds (in millions) 
within 3 milesofs::hool 

None 199 21898 8145(37.2) 1.00 25753 4138(16.1) 1.00 47651 12283(25.8) 1.00 
0.1 toffi20 42 3342 1366(41.5) 1.07(1.01-1.12) 4017 713(17.8) 1.03(0.93-1.12) 7359 2101 (28.6) 1.05(1.00-1.11) 
20toffi5.0 12 733 294(40.1) 1.04(0.93-1.14) 858 150(17.5) 0.99(0.81-1.16) 1591 444(27.9) 1.01 (0.91-1.12) 
ff5.0 12 716 274(38.3) 1.00(0.89-1.11) 852 148(17.4) 1.04(0.85-1.23) 1566 422(26.9) 1.02(0.91-1.13) 

Exposure category 
None 199 21898 8145(37.2) 1.00 25753 4138(16.1) 1.00 47651 12283(25.8) 1.00 
Low 21 1655 711 (43.0) 1.10(1.03-1.18) 1922 359(18.7) 1.09(0.95-1.23) 3577 1070(29.9) 1.09(1.01-1.18) 
Medium 22 1741 771 (40.8) 1.04(0.97-1.12) 2139 378(17.7) 1.01 (0.89-1.13) 3880 1069(28.1) 1.03(0.96-1.11) 
High 23 1395 534 (38.3) 1.01 (0.93-1.08) 1666 274(16.5) 0.97(0.84-1.10) 3061 808 (26.4) 1.00 (0.92-1.08) 

Livestock odor 
None 179 19055 7188(37.7) 1.00 22438 3894(16.5) 1.00 41493 10882 (26.2) 1.00 
OJtside s::hool only 47 4625 1766 (38.2) 1.04 (0.98-1.09) 5593 843(15.1) 0.94(0.85-1.02) 10218 2609 (25.5) 1.00 (0.95-1.06) 
OJtside J inside ffi2 times/mo 36 2745 1022(37.2) 0.99(0.93-1.06) 3137 550(17.5) 1.04(0.93-1.15) 5882 1572(26.7) 1.01 (0.94-1.07) 
OJtside J inside ff2 times/mo 3 264 125 (47.4) 1.24 (1.03-1.44) 312 62(19.9) 1.21 (0.85-1.57) 576 187(325) 1.23(1.01-1.44) 

•Any wheeze in the past 12 months (current wheeze). 
b Adjustedforindividual-levelchara::teristics(gender,age,ra:e,Hisf::anicethnicity,econornicstatus,smokingstatus,expcsuret=nd-handsmokeathorne,andUS90fagasstovernorethanonoe 
per month) and s::hool-level chara::teristics(rural locale, indoor air quality, and reports of other non-liVEStock industriES nEl'lfby). 
'Adjusted forvariablES listed above plusreW-reported allergy to ca1s, dogs, dust, grass, and/or pollen. 

TABLE3 Associations Between the Prevalence of Asthma-Related Symptoms and School Location 
Within3MilesofaConfinedSNineFeeding0perationbyAdolescents'Se1f-ReportedA11ergic 
Status, North Carolina 

1/\iheezing Symptoms 
Current wheeze 
Current wheeze without physician diagncsis 
Severe wheezeb 
Frequent severe wheeze' 

Physician-<:liagnosed asthma 
Medical care 

A51:hma-related physician visit, emergency 
visit, and/or hospitalization in past year 

A51:hma medication use in past year 
Functional consequences of symptoms 

Activity limitations in past year asa result of 
asthma Symptoms 

MisEecl s::hool in past year as a result of 
asthma symptoms 

• Among individuals with current wheeze. 
b Nonconvergent model. 

FR(95%Cl)forCl 3vsffl3 MilesFromNearestSWineCC\FO 

Self-Reported Allergies No Self-Reported Allergies 
(n ff 26 689) (n ff 31 480) 

1.05(1.00-1.10) 
1.08(1.01-1.15) 
1.01 (0.96-1.07) 
1.02(0.92-1.11) 
1.06(0.99-1.12) 

1.06(1.00-1.13) 

1.09(1.00-1.18) 

1.09(1.01-1.16) 

1.06(0.98-1.14) 

1.02 (0.94-1.11) 
0.99 (0.90-1.08) 
1.05 (0.96-1.14) 
0.97 (0.80-1.14) 
1.14(1.01-1.26) 

1.03(0.92-1.13) 

1.03 (0.88-1.18) 

_b 

All 
(Nff 58169) 

1.04 (0.99-1.09) 
1.04(0.98-1.11) 
1.02 (0.97-1.07) 
1.01 (0.92-1.09) 
1.07(1.01-1.14) 

1.06(1.00-1.12) 

1.07(1.00-1.15) 

estimates are small in relative terms, the increases are 
important in absolute terms because of the high preva
lence of asthma-related symptoms in this age group; the 

impact that symptoms have on adolescents' ability to 
attend school and participate in social, recreational, and 
physical activities; and the costs and burdens of symp-
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TAElE4 Associations Between the Prevalence of Asthma-Related Symptoms and the Presence of 

Livestock Odor at the School by Adolescents' Self-Reported Allergic Status, North Carolina 

FR(95%CI) for Livestock Odor~ported Outside or lnside&hool 
Building Versus No ~ported Odor 

Self~ported Allergies NoSelf~ported Allergies All 
(nff 26689) (nff 31480) (Nff 58169) 

VIAleezing symptoms 
Current wheeze 
Current wheeze without physician diagncsis 
Severe wheezea 
Frequent severe wheeze" 

Physician-<:liagnosed asthma 
rvledical care 

1.03 (0.98--1.07) 
1.04(0.97-1.10) 
1.06(1.01-1.12) 
1.04(0.95-1.14) 
1.00(0.94-1.06) 

0.99 (0.91-1.06) 
0.99 (0.90-1.07) 
1.00 (0.91-1.08) 
1.10 (0.92-1.28) 
1.04 (0.93--1.15) 

1.01 (0.97-1.06) 
1.01 (0.96-1.07) 
1.05(1.00--1.10) 
1.06 (0.98--1.14) 
1.01 (0.95-1.06) 

A51:hma-related physician visit, emergency 
visit, and/or hcspitalization in past year 

A51:hma medication i.re in past year 
Functional consequences of symptoms 

Activity limitations in past year asa result of 
asthma symptoms 

M~ school in past year as a result of 
asthma symptoms 

0.99 (0.94-1.05) 

1.03(0.96-1.11) 

1.02 (0.96-1.08) 

1.02 (0.94-1.09) 

1.01 (0.91-1.10) 

1.02 (0.89-1.15) 

_b 

1.00 (0.95-1.05) 

1.03 (0.96-1.10) 

'Among individuals with current wheere. 
b Nonccnvergent model. 

tom-related medical care. In these data, the effect esti
mates for swine CAFO exposures are of similar magni
tude to the effects that have been estimated for 
established risk factors for wheeze, such as age, race, 
gender, economic status, Hispanic ethnicity, exposure to 
secondhand cigarette smoke, and use of a gas stove at 
home. 

We estimated potential exposure on the basis of dis
tance and a mailed survey. Although distance is a crude 
measure of exposure, our findings suggest a consistent 
trend toward higher symptom prevalence, especially 
among adolescents with allergies, at schools that were 
between 2 and 3 miles of a swine CAFO. The finding that 
schools that were located within 2 miles had a lower 
prevalence of current wheezing may reflect the lack of a 
direct relationship between exposure to etiologically ac
tive agents and distance. Use of distance and SSLW as 
exposure measures does not take account of waste man
agement and sanitation practices of swine CAFOs, ages 
and conditions of the facilities' equipment, localized 
weather patterns, topography surrounding the school, 
school building structure, and ventilation practices, all of 
which may affect the quantity and the duration of the 
exposures. In addition, swine CAFO practices such as 
waste and sanitation procedures may be influenced by 
population density, land availability, and other features 
of the communities in which the operations are located, 
although we do not know the extent to which this 
occurs. Indeed, results of analyses that used exposure 
metrics of increasing complexity failed to show a mono
tonic dose-response relationship between the exposure 
and current wheezing, further suggesting that if the 
exposure is associated with an increase in respiratory 
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symptoms, then relevant exposure may not correlate 
directly with the factors that we used for our distance
based exposure categories. 

The higher prevalence of current wheezing among 
students who attended schools that were located 2 to 3 
miles from the nearest swine CAFO compared with the 
prevalence among students who attended schools within 
2 miles also may be attributable to exposures that were 
experienced at home, in the communities where stu
dents lived, and in other locations that could not be 
assessed in our study. In many of the rural areas in North 
Carolina, students may live many miles from the public 
schools that they attend. As the distance between the 
school and the CAFO becomes small, few homes can be 
equally close or closer to a CAFO; as the distance in
creases, more of the students' homes can be located 
closer to a CAFO than the distance between the CAFO 
and the school, and school-based exposure estimates will 
underestimate students' total swine CAFO exposures. In 
addition, reports of odor from swine CAFOs tend to be 
more common in early morning and evening hours 
rather than in the daytime, when students are in school. 
Although this phenomenon may not affect exposures in 
geographic areas where both schools and homes are far 
from CAFOs, identifying exposure as the distance be
tween a school and a CAFO may be more problematic in 
regions where schools are located very near or within 
several miles of CAFOs if exposure varies throughout the 
day. Previous research that was conducted in a rural 
population of school-aged children who may have ex
perienced swine farm exposures at home indicated a 
higher prevalence of asthma-related symptoms among 
children who lived on farms where swine were raised 
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than among children who lived on farms where swine 
were not raised and among children who did not live on 
farms, 29 although the extent to which exposures that 
resulted from residence on a swine farm were attribut
able to performing chores or occupation-like tasks, 
rather than simply living close to swine, are unknown. 
Although information about adolescents' household 
farming exposures are unavailable in our study popula
tion, the majority of swine in North Carolina are raised 
in nonresidential, factory farm settings; therefore, the 
proportion of children who perform chores or live on 
swine farms is expected to be low. 

Results of analyses of the distance-based measures of 
each exposure suggest lower prevalence of wheezing 
among students who attended schools that were located 
nearest to CAFOs and located in areas with the highest 
density of swine compared with those in the highest 
exposure categories. To assess potential misclassification 
of exposure, we excluded from all analyses schools with 
reported livestock odor from the unexposed distance
based categories, schools that were located beyond 3 
miles of swine CAFO from the exposed survey-based 
categories, and schools for which survey respondents 
specifically identified livestock odor as arising from poul
try and found no notable differences in the direction, 
magnitude, or precision of the PRs generated. An alter
native explanation for the lower prevalence of wheezing 
among students in schools that were located nearby 
swine CAFOs may be the hygiene hypothesis, which 
postulates that early-life exposures and childhood infec
tions may confer protection against hay fever, atopy, and 
asthma.3031 Specifically, rural living and early-life expo
sures to allergens, irritants, and other bioaerosols on 
farms may be associated with lower rates of atopy and 
asthma.29,32-38 In our study, the prevalence of wheezing 
wasslightly lower ( 1.2%) in rural compared with non
rural schools. Although we could not assess early-life 
exposures, higher exposures to animal dander and bac
terial endotoxin during early developmental stages 
among individuals who attend schools closest to swine 
CAFOs and therefore often live in rural areas could 
provide some resistance to exposures later in childhood 
and lead to lower prevalence of wheezing during ado
lescence compared with students who attend schools 
farther away. 

Twenty-one percent (n ff 72) of schools were ex
cluded from our final analysis because of nonparticipa
tion in our mailed survey about in-school environmen
tal conditions. When we compared the populations of 
schools that participated and those that did not, we 
found differences in mean distance to the nearest swine 
CAFO (participating schools: 8.7 miles; nonparticipating 
schools: 8.0 miles), percentage of nonwhite enrollment 
(participating schools: 36%; nonparticipating schools: 
42% ), and percentage of enrolled students who received 
subsidized school lunches (participating schools: 48%; 

nonparticipating schools: 51 % ). Systematic differences 
between participating and nonparticipating schools in 
levels of exposure and prevalences of asthma-related 
symptoms could have influenced our findings. 

We received up to 7 completed surveys per school, 
and for each survey question, we assigned an exposure 
to a school when any respondent indicated the presence 
of the exposure. This method of classifying schools' en
vironmental conditions and, in particular, the presence 
of livestock odor at the school was sensitive to the num
ber of surveys completed and returned from each school 
and did not take into account the variation in survey 
responses from a single school. Our intention was to 
survey employees in several occupations who would be 
familiar with different aspects of the school building and 
students' behaviors: teacher, administrator, mainte
nance or custodial staff, and school nurse or health care 
personnel. Previous literature about the economic, po
litical, and social impacts of a strong swine industry 
presence in communities in Iowa and North Carolina 
suggested that residents who live nearswineCAFOs may 
be reluctant to voice their concerns for fear of social 
ostracism or conflict in their communities. 39--42 Although 
our school survey was anonymous and designed to min
imize risks for deductive disclosure of respondents' iden
tities, we recognize the possibility that respondents may 
have underreported livestock odor out of concern for 
expressing their opinions, and we cannot know fully the 
extent to which our survey reports were influenced by 
the social and political context in the communities in 
which the schools were located. 

Lack of data on medical risk factors, environmental 
asthma triggers, and classification of allergic status on 
the basis of survey reports rather than of a clinical as
sessment of atopy are limitations of this study. Because 
students self-identified asthma-related symptoms, our 
current wheezing variable may include other respiratory 
symptoms that the respondents experience and mistake 
for the symptoms that were illustrated in the video 
scenes. Cross-sectional asthma-related symptom data 
and survey-based exposure data prohibit specific assess
ment of temporal relationships between the symptoms 
and exposures evaluated here. Our findings are vulner
able to systematic error if students with asthma-related 
symptoms changed their environments or behaviors be
cause of symptoms that were caused by exposure to 
airborne pollution that arose from swine CAFOs; such a 
systematic error would lead to underestimation of asso
ciations between swine CAFOs and asthma symptoms. 

CONCLUSIONS 
This research was designed to estimate exposures to a 
source of air pollution that is of great concern to swine 
CAFO neighbors and to investigate relationships be
tween school exposures and respiratory health of middle 
school-aged children. Our findings identify a plausible 
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association between exposure to airborne pollution from 
swine CAFOs and wheezing symptoms among adoles
cents. Environmental pollution measurement and stan
dardized clinical information about asthma symptoms 
and atopic status could help to determine better the 
magnitude and the temporality of the relationships be
tween swine CAFO emissions and respiratory symptoms. 
Our findings should be used by public health personnel 
who are interested in understanding possible adverse 
respiratory health consequences of an important rural 
environmental exposure. 
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Race, Poverty, and Potential Exposure of Middle-School Students to Air 
Emissions from Confined Swine Feeding Operations 
Maria C. Mirabelli,1 Steve Wing,1 Stephen W. Marshall,1,2,3 and Timothy C. Wilcosky 1,4 

1Department of Epidemiology, School of Public Health, 2University of North Carolina Injury Prevention Research Center, and 
3Department of Orthopedics, School of Medicine, University of North Carolina-Chapel Hill, Chapel Hill, North Carolina, USA; 
4Environmental Health and Epidemiology Program, RTI International, Research Triangle Park, North Carolina, USA 

Previous studies suggest that airborne effluent from swine confined animal feeding operations 
(CAFOs) may affect the health and quality of life of adul1s and the prevalence of asthma symp
toms among children. To imrestigate the extent to which public school studen1s may be exposed to 
airborne effluent from swine CAFOs and to evaluate the association between schools' demo
graphic characteristics and swine CAFO exposures, we assessed the proximity of 226 schools to 
the nearest swine CAFO and conducted a survey of school employees to identify schools with 
noticeable livestock odor. We used publicly available information describing the enrollment of 
each school to assess the association between race and socioeconomic status (SES) and swine 
CAFO expa;ure. Odor from livestock was noticeable ou1side (n = 47, 21%) and inside (n = 19, 
8%) school buildings. Schools with< 63% enrollment ofwhitestuden1s and::: 47% ofstuden1s 
receiving subsidized lunches at school were located closer to swine CAFOs (mean = 4.9 miles) 
than were the remaining schools (mean = 10.8 miles) and were more likely to be located within 
3 miles of an operation than were schools with high-white/high-SES enrollment (prevalence ratio 
= 2.63; 95% confidence interval, 1.59-4.33). The prevalence of reported livestock odor varied 
with SES (low SES, 25%; high SES, 17%). These analyses indicate that the potential for in-a:hool 
exposure to pollution arising from swine CAFOs in North Carolina and the environmental health 
risks aax:iated with such exposures vary aa:ording to the racial and economic characteristics of 
enrolled studen1s. K~ 111.0rd;: adoles:ent health, children's health, confined swine feeding, environ
mental epidemiolog,,, environmental justice, industrial hog operations, school health. Environ 
Health Pelspect 114:591-596 (2006). doi:10.1289/ehp.8586 available via http://dx.doi.org/ 
[Online 10 November 2005] 

Confine::! animal fa:ding o~ions (CAFOs) 
hot.re la~ numrers of animals, flush animal 
waste; into open-air waste pits, and apply par
tially decompcred wa:;te; to land, rel6:6ing 
pollutants into roil, air, and water (National 
R€9:Erch Council 2003). Odor and local air 
pollution-including ammonia (Reynolds 
et al. 1997; Subramanian et al. 1996; U.S. 
Environmental Protection Agency 2002), 
hydrogen sulfide (Reynolds et al. 1997), 
methane (Sharl'.Eand Harl'.Er 1999), re;idUES 
of veterinary antibiotics (Hamscher et al. 
2003), total b:cteria (Radon et al. 2001 ), fungi 
(Radon et al. 2001 ), and endotoxin (Reynolds 
et al. 1997)---arrefrom CAFO building:;and 
wa:;te pits and are of particular concern to 
CAFO neighbors l::a:at.re of their docurrented 
impacts on the hwlth and quality of life of 
livestock farm workers and neighbors (Cole 
et al. 2000; Merchant et al. 2005; S:;hiffman 
1998; S:;hiffrran et al. 1995; Thu et al. 1997; 
V~lzang et al. 1999, 2000; Wing and Wolf 
2000). A study of the mental and physical 
health of swine CAFO neighbors in Iowa 
found elevated rate; of respiratory symptom. 
among CAFO reighbors oompara::I with resi
dents not living near liVEStock production 
(Thu et al. 1997). One study of SNine CAFO 
neighbors in North Carolina reported regati\e 
impacts of odor on tension, depre»ion, and 
anger among individuals living near o~ions 

(S:;hiffman et al. 1995), and another in North 
Carolina reported "increa:ed occurrence; of 
hEac:lcdlES, runny nae, rore throat, exO:lffii\e 
coughing, diarrhw and burning eye;" and 
c:IEcra:m::I quality of life among residents living 
nearSNineCAFOs(Wingand Wolf2000). In 
an investigation of possible stress-mediated 
impacts on immune function, SNine CAFO 
neighbors had lowera.e~concentrationand 
9:!Cretion of s:d ivary immunoglobul in A during 
~iods of moderate to high odor (A\ery et al. 
2004). Among children, incra:m::I pre.talence 
of a51:hma symptom; ha5 bEen 21:BJCiated with 
proximity to SNine CAFOs (ChriochillESet al. 
2004; Merchant etal. 2005). 

In the United State;, ra:E and rocioeco
nomic status (SES) are clorely intertwined 
and ha.e bEen widely 21:BJCiated with hwlth, 
including chronic d iS:ee morbidity and rnor
tal ity (Borrell et al. 2004; Roux et al. 2001; 
Winkleby et al. 1998), infectious diseases 
(Centers for DiS:ee Control and Praention 
2005), immunization (Egede and Zheng 
2003), health care services (Ga:;kin and 
Hoffman 2000; Monheit and Vistne; 2000; 
Wei nick et al. 2000), and environmental 
exposures (Evans and Kantrowitz 2002; 
Guidry and Margolis 2005; Northrid~et al. 
2003). SNine CAFOs are disproportionately 
located in cornmunitiES of oolor and regions 
of po\erty (Edv\lards and Ladd 2000; Wi Ison 
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et al. 2002; Wing et al. 1996, 2000) and are 
thus located among populations that may be 
more sus::Eptible to the airborne exposure; 
and more likely to experience detrimental 
health consequences of such exposures 
(Bradley and Corwyn 2002; Williamsand 
J:ickron 2005). The literature published to 
date about hwlth impacts of CAFO-related 
exposure; fOCU:ES on hwlth impacts of expo
sures among adults; however, knowledge 
about the growth and development of the 
human respiratorytrcetsuggststhat the chil
dren in thEEeexpcred cornmunitie;may beat 
increa::ed risk of respiratory hwlth effects 
becau::e of their size, behavior, and cle.telop
mental st~ (Dietert et al. 2000; Kim et al. 
2004; Peden 2000). 

In light of recent re::earch about hwlth 
effEcts of CAFO-related exposure;, children's 
su::reptibility to environmental pollutants, and 
concern about the conditions of g;hool build
ings, we rought to 283:$ the extent to which 
adoles::Ents attending pub I ic schools may be 
expcred to SNine CAFO emis;;ions. Ba:a::I on 
a large sample of pub I ic schools in North 
Carolina, we estimated potential exposure 
using both record-ba::ecl and survey-ba::ed 
exposure indiCESand exanine::I rceial and eco
nomic differeno:s in potential exposure. 

Materials and Met hods 
During the 1999-2000g;hool year, re'l.enth
and eighth-grade students from 499 public 
schools in North Carolina participated in 
a statcWide s:;hool-ba::ed survey dESigned to 
283:$ the pre.talence of a;;thma-related symp
toms among adolescents (North Carolina 
Departrrent of Health and Human ServiCES 
2001;Sotiretal. 2003). Duringthe2003-2004 
s:f1ool 'yfflr, we conducted a follON-upsul\e'f of 
emplo',6:5 in the participatings:;hools to collEct 
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information about environmental tmlth oondi
tiors inside the schools and for an e.rall.01:ion of 
the relatiorship beMEen rouro:sof environmen
tal pollution !crated 11E0r s:::hools and studen1s' 
relf-reported re,piratory tmlth symptorrs. From 
the 499 participating s:::hools and l::aa::I on the 
aims of our study, we excluded 160schools 
from further data ool lEction l:a:are of school 
locale and le..€1 of participation in the a51:hma 
st.m.ey. ~ifically, re excluded s:::hools located 
in oountie;with noSNireCAFOsand nore in 
neighboring counties (n = 45), schools with 
< 25studentssu™¥(J (n = 34),s:::hoolslocated 
within 5 miles of a state border (n = 17), s:::hools 
ph',Gically !crated within a city with population 
> 100,000 (n = 61 ), and s:::hoos that had claa::I 
or relocated to a new building since the 
1999-2000school Yffil" (n = 10). The remaining 
339 s:::hoolscompored our final ta~t popula
tion of public schools. 

We used publicly available records about 
the geographic positions of schools (North 
Carolina Center for Geographic Center and 
Analysis 2002) and SNire CAFOs (Wing et al. 
2000, 2002) to ~rerate location-ba::ed esti
mates of in-school exposure for eoch school. 
We calculated distance to the l"ffilcS1: q:Eration 
using the formula given by Goldberg et al. 
(1999) and categori2ECI proximity a;; within or 
beyond 3 miles of the nearest operation. A 
3-mile radiuswa5re1Ected a;;asuitablezore of 
potential exposure l:a:are ele.rated pre.ralence 
of a51:hma ha5 bEen reported among children 
attending schools within 3 miles of a SNire 
CAFO (Mirc!Ellietal., in pie$). Furthermore, 
although previousstudiESabout the impajsof 
wire CAFOs on tmlth and quality of life ure 
a 2-mile radius (Thu et al. 1997; Wing and 
Wolf 2000), odorsarerorretimes reported at 
distances> 2 miles, and a radius of 3 miles 
yields a more balanced distribution of schools 
in our data. SNire CAFOs typically store ani
mal wa5te in open wa5te pits, whera:s other 
type;of li'vStockoperatiors in North Carolina 
tend not to employ such practices. Detai Is 
about the lcratiorsof operatiorsnot using this 
I iquid waste mal'1cg:l'l'Ent Sl,51:em are not pub-
1 icly available and could not be included in 
thee analyses. 

For a S:COnd rretric of i n-s:::hool exposure, 
we conducted a four-~, 21-item pencil
and-paper--stylesurvey about environrrental 
health conditions inside and surrounding the 
school buildings. In October 2003, we mailed 
thesurveys to school principalsand asked ea:h 
to distribute four surveys to potential re,pon
dents in the following jobs: administrator, 
teocher, maintenance or custodial staff, and 
school nu~ or health care provider. During a 
9-month survey collEction period, re,pondents 
from 267 (79%) of the surveyed schools 
returned 801 of the 1,632 surveys, wheres the 
remaining schools either actively (n = 1) or 
passively (n = 71) declined to participate. 
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After receiving oompleted surveys, re excluded 
twoadditionalschoolsba:a::I on updated infor
mation about the location of ore school and 
l:a:are re,pondents from another school i ndi
cated that the school had claa::I and rropened 
in a reN building since the 1999-2000school 
Yffil". 

Respondents were a;;ked whether odors 
from I iVEStock farms were notia:able outside 
or inside the school buildings never, once per 
month or leE, two to three times per month, 
about once per V'vl:Ek, or more than once per 
V'vl:Ek, and were a5ked to rate the odor, at its 
worst, on a five-point scale: 1, very faint; 
2, faint; 3, moderate; 4, strong; 5, very strong. 
We cffiigned an odor rating of zero for re,pon
dents who indicated that they never noticed 
I iVEStock farm odor at the school, and re cre
ated final school-le..€! exposure indicator \ari
ablES ba:a::I on whether any survey re,pondent 
reported ever noticing livestock farm odor 
outside or inside the school building. For 
schools with liVEStock odors reported by any 
re;pondent, the odor ratings a:Eigned to that 
s:::hool and ured in the analyses are a.ercg:s of 
the ratings provided by all survey re,pondents 
for the s:::hool. Becat.re of publicity about the 
effects of industriali2ECI wire production in 
North Carolina, re were concerned that sur
vey qUEStions~fically about SNire CAFOs 
would caure re;ponse bia;;; therefore, re;pon
dents rere a5ked about I iVEStock odor in ~
eral. Public concern about odor from SNi ne 
CAFOs has ~nerated more reports to the 
health departrrent than have other type; of 
liVEStock q:Erations in the state (ClireJS, per
sonal communication). However, survey 
re;pondents did report odor from other live
stock, primarily poultry; this wa5 sorretimes 
noted a;; a comment on the survey form. To 
avoid misclassifying these schools a;; being 
exposed to SNi ne CAFO odor, we excluded 
from analysis 39 schools located> 5 miles 
from a wine CAFO for which respondents 
indicated the pre::ence of liVEStock odor. Our 
final population for analysis wa5 226 public 
schools. Approximately 11% (145,704 of 
1,315,363) of all students in North Carolina 
were enrolled in our population of schools 
during the2003school ye:ir. 

To c'l:B:l$SUrvey response within demo
gfcl'.)hicand ro:,nomiccategoriES, re ured data 
from the State of North Carolina (National 
Center for Education Statistics 2004; North 
Carolina Departrrent of Public Instruction 
2003) de:uibing ea:h school's 1cCial and eth
nic composition and enrollment in the 
National Sjiool Lunch Progran, ured here a;; 
a proxy for SES. Students participating in the 
National School Lunch Program receive 
lunchES for free or at reduced price, with the 
le.el of subsidy determined by the incorre of 
each child's family. Children from families 
with incomes~ 130% or bet\11/Een 130 and 

185% of the po\.€rty le..€1 are eligible for fully 
or partially subsidized lunches, respecti\.€ly 
(Child Nutrition and WIC Rffiuthorization 
Act 2004; U.S. Departrrent of Agriculture 
2004). Weclcffiified s:::hools into ra:eand SES 
categories using the median values of white 
enrollment (median, 63%) and subsidized 
lunch (median, 47%). The resulting matrix 
of race and economics Wa5 used to identify 
schools as high white/high SES (96 schools), 
low white/high SES (16 schools), high 
white/low SES (18 schools), and low white/ 
low SES (96 schools). 

We c6S:SS:!d the a:rociation bet\11/Een the 
ra:e, economics, and both rretrics of school
based SNine CAFO exposure using binary 
reglffiiion in a log-Ii 11E0r model to EStimate the 
pre.ralenceof theexposure5. Reglffiiion models 
were adjusted for rural school locale using 
data from the National Center for Education 
Statistics(2004), which US:S informationabout 
proximity to rretropolitan ara:s and popula
tion size and density to cffiign a locale code to 
ea:h s:::hool. We categori2ECI schools a;; rural if 
they were identified a;; "not within a conroli
dated rretropolitan statistical ara:i (CMS6..) or 
rretropolitan statistical alffi (MS6..) and dESig
nated as rural" or "within a CMS6.. or MS6.. 
and dESignated a;; rural." All remaining cate
gories, including lcration within lar~ or mid
size central cities, urban locations, or smal I 
tONnswith populatiorsof at la:st 2,500, were 
categori2ECI a;; nonrural. All independent \ari
ables in the models are school-le.el \ariablES, 
and the resulting mxsure5 of a:EOCiation are 
pre.ralence ratics (PR:;). We ured SAS statistical 
roftware (\e!Sion 8.2; SAS Institute Inc., Cary, 
NC) for all analyses. 

Results 
AcrCJ:£ the 226 schools, mffin enrollments of 
black and white students, re5peCti\.€ly, were 
26% and 63%. The mean enrollrrents of 
Asian students(< 1%), Hispanic students 
(3%), and Native-Arrerican students(< 1%) 
were low, and nore of the schools had major
ity enrollment of Asian or Hispanic students. 
The percent~of enrolled students receiving 
fully or partially subsidized lunches was 
highly correlated with white, non-Hispanic 
enrollment (Figure 1 ). 

For the 226 schools, distances between 
schools and the neare5t SNine CAFO ranged 
from 0.2 to 42 miles (rrm, ± SE, 8.3 ± 0.5), 
and rrm, distances increB:ld ams tertiles of 
white enrollment (low, 4.9; medium, 7.0; 
high, 12.7 miles) and SES (ION, 4.6; medium, 
8.4; high, 12.1 miles). Sixty-six (66)schools 
were located within 3 miles of one or more 
operations (Figure 2). Livestock odor Wa5 
reported outdoors at 47 (21 % ) of the su™¥(J 
schools. In 19 schools (8% ), the I iVEStock odor 
was noticeable indoors, including in class
rooms and hall\l\laysof the school buildings 
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and in temporary, portable classroom build
ing;. O\elall, the~ livestock odor rating 
was 2.2 (SE = 0.2), which oorresponds to an 
odor rating betNEen "faint" and "moderate" 
on thes::ale U9:!d for the survey. Thea.e~ 
rating of odor at schools with odor noti<E:Ole 
irside the s:::hool building was 2.8 (SE = 0.3). 
The perceney of schools reporting liVEStock 
odor and ratings of the strength of the odor 
El:Ch c:IEm:E:Ed with incrEBSing distance to the 
l1El3f'ESI: swine CAFO (Figure 3). The ~cent
age of schools located within 3 miles of a 
swine CAFO was lowest (16%) in high-SES 
schools. A similar percentage (17%) was 
dJ:er\.€d when exposure was oonsidered using 
reported livestock odor. 

Table 1 sha.r.sEStimate; of the relationship 
of race and SES with distance to the nearest 
swine CAFO. Having a swine CAFO within 
3 mile; was most prevalent in schools with 

low-white/low-SESenrollment [PR= 2.93; 
95% confidence interval (Cl), 1.79-4.80] 
oompared with s:::hools in the highESt category 
of white enrollment and SES. REStricting the 
outoome to school location within 2 miles 
(n = 44) showed asimilar trend of higher 
prevalence among low SES schools. A swine 
CAFO within 2 miles was more prevalent in 
schools with low-white/low-SES enrollment 
(n = 26; PR= 2.62; 95% Cl, 1.38-4.97), 
high-white/low-SESenrollment (n = 5; PR = 
2.43; 95% Cl, 0.97-6.06), and low-white/ 
high-SESenrollment (n = 2; PR= 1.39; 95% 
Cl, 0.34-5.71) compared with schools with 
high-white/high-SES enrollment (n = 11 ). 
When exposure was oorsidered using survey
ba::ed reports of livestock odor, the highffit 
prevalences of noticeable odors outside or 
inside the school buildings were in schools 
with low SES enrollment (high white/low 
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Figure 1. Distribution of white race and economic disadvantage in 226 public schools in North Carolina. 
Percentages are based on the population students enrolled during the 2003-2004school year identified as 
white, non-Hispanic, and receiving subsidized lunches through the National School Lunch Program. 
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Figure 2. Number of schools by number of swineCAFOs within 3 miles. 
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SES: n = 5, 28%; low white/low SES: n = 23, 
24%), and the IOM:St prevalence of such odor 
was ooeM:?d in schools with high-white/high
SESenrollment (n = 16, 17%) (Table2). The 
rrmn (± SE) odor rating declined ccraE ter
tile; of percent white, non-Hispanic enroll
ment (low, 2.1 ± 0.3; medium, 2.5 ± 0.4; 
high, 1.9 ± 0.4) and SES (low 2.4 ± 0.3; 
medium, 2.1 ± 0.3; high, 2.0 ± 0.5). 

By excluding 39 schools for which survey 
respondents reported livestock odor, but 
located beyond 5 miles of a swine CAFO, we 
intended to reduce misclcSSification of schools 
located near nonswine CAFOs. Among the 
excluded schools, 33 had high enrollments 
of white students (high white/high SES, 
25 schools; high white/low SES, 8 schools). 
Inclusion of there 39 schools approximately 
doubled the prevalence of reported odor ( out
side or irside, 34%; outside only, 18%; out
side and irside, 19%)and resulted in marked 
attenuation of the effect of low white enroll
ment (outside or irside: PR= 0.89; 95% Cl, 
0.59-1.32;outsideonly: PR= 0.88; 95% Cl, 
0.48-1.61; outside and inside: PR = 0.86; 
95% Cl, 0.45-1.64) . 

Discussion 
In 2002, there were approximately 56,000 
crop and liVEStock farms in North Carolina, 
and nearly 30% of the state's land was ured 
for cgricultural production, including the cat
tle, hog, and poultry industrie; that signifi
cantly contribute to the state's agricultural 
economy (North Carolina Department of 
Agriculture and Consumer ~rvices 2003). 
Previous 1cS:0rch about the prEre11ce of swine 
CAFOs show:; a disproportionately high oon
centration of the industry in oommunitie;of 
oolor de;pite the declining number of black 
farmers in the southeastern United States 
(Wilron et al. 2002; Wing et al. 1996, 2000). 
In this study 1/'.e examined the relationship of 
the racial and economic characteristics of stu
dents enrol led in public schools in North 
Carolina with EStimated exposure to airborne 
effluent from 11E0rbySNineCAFOsand found 
that economic disadvantage We£ cSSOCiated 
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Figure 3. Percentage of schools with noticeable 
livestock odor and mean± SE odor ratings for 
schools with reported odor, by distance between 
the school and the nearest swine CAFO. 
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with proximity to the nEErest s,vine CAFO 
and with strength of tre odor. Thee finding;; 
suggist that s,vine CAFO emis;;ions and any 
inhalableexposures, including odorant and 
nonodorant chemicals and respirable organic 
dusts, that correlate with odor disproportion
ately affect a population of children and a::lults 
who, rcgardleE of treir li\A:51:ock-related expo
sures, may be pred ispa:ed to cSthma-related 
hxllth outcorn:sand otrer illl'lESxS for ra:rons 
largely attributable to their economic dis
advantage (Gee and Grimpayne-Sturgesalt 
2004). 

Odorous plumes arising from livestock 
farrrscontain a variety of Qi::f:B)LSand particu
late elements, including inhalable dusts, l::lcc
teria, mold, hydrogen sulfide, ammonia, 
rrethane, pharrra:eutical residues, and animal 
dander (Reynolds et al. 1997; Subramanian 
et al. 1996). In this study, trecompa;ition of 
the air pre:Ent when livestock-related odors 
VI.ere reported and tre sp:cific ~ts responsi
ble for tre odor are both unknown. Without 
information about treextent to which odorous 
plumes from CAFOs contain respiratory irri
tants or odorants capable of inducing hxllth 
effects (Shusterman 1992), we cannot draw 
conclusions about expcsures relev'ant for respi
ratory hxllth of treenrolled students, s::hool 
employa:s, or neighbors. Ho\l\e,/ff, li\A:51:ock
related odor at publicochool building;; indi
cates tre prcrenre of ai rborre I i\A:51:ock effluent 
beyond the cgricultural land from which it 
arcreand in the surrounding community. 
Reports of I ivestock odor outside and inside 
s:;hool building;; rare concern not only about 
hxllth risks resulting from s,vire CAFO efflu
ent but alro about educational and behatioral 
consequena:s such 26 clc55room disruptions 
that might occur wren li\A:51:ock odor ra:m:s 

tre clcmroom, anxiety a:rociated with tre stu
cents' and staff rranbers' inability to avoid tre 
odor or cha~ treir environrrents, and con
cerns or precautions for stucents who hate a 
history of acute respiratory reactions. Our 
resu Its clE0rly sugJ:51: that I i\A:51:ock odor is a 
more common problem for s::hools with ICM€r 
SES enrollrrent. Livestock odors at public 
s:f1ools, particularly there in economically dis
ad\.entcg:d are:s, may hate broa::I implications 
for ochools and communities if such s::hools 
are unappE0ling to rerv ta:chersand staff or if 
odors affect tre retention of current emplo',6:5, 
inflLEnce parent and voluntEer invol\,e1l:!nt, or 
affect tre u::e of s::hool ki I ities for IIDffitional 
and community purpca:s. 

Becaure nonodorous poll utan ts arising 
from swine CAFOs may also be present 
in thee communities, our analysis included 
distance 26 a mea:;ure of potential expa;ure 
to airborne s,vine CAFO effluent. Overall, 
we obrerved i ncreared frequency of s,vi ne 
CAFOs near schools with above-median 
enrollrrent in the National School Lunch 
Program. Distances between schools and 
s,vire CAFOs were estimated using publicly 
available data about the locations of pub I ic 
s::hool building;;and hog operations that raire 
more than 250 animals using a liquid WcSte 
management system. Smaller confinerrent
ba:a:I operations,smaller "familyfaITTS," and 
confined livestock operations that produce 
chickens, turkeys, or otrer animals are not 
included in our distance comparisons but 
may be included in reports of odor from I ive
stock farms. We excluded 39 schools for 
which respondents reported livestock odor 
but that were located > 5 miles beyond a 
s,vine CAFO. Inclusion of the excluded 
s::hools approximately doubled tre prevalence 

Table 1. Associations between distance to the nearest swine CAFO and public school enrollment in North 
Carolina. 

Distance to nearest swine C6fO 
All schools >3miles <3miles 

Blrol lrnent" (no.) No.(%) No.(%) FR(95%0f 
All schools 226 160(70.8) 66(29.2) 
High white/high~ 96 80(83.3) 16(16.7) 1.00 
High white/low~ 18 12(66.7) 6(33.3) 1.95 (0.90-4.25) 
Low white/high~ 16 14(87.5) 2(12.5) 0.95 (0.24-3.72) 
Low white/low~ 96 54(56.3) 42(43.8) 2.93 (1.79-4.80) 

"Enrollment categories: high white, 2c 63% enrollment of white, non-Hispanic students; low white,< 63% enrollment of 
white, non-Hispanic students; high SES, < 47"/o of students receiving free or reduced price lunch at school; low SES, 
2c 47% of students receiving free or reduced price lunch at school. bAdjusted for rural school locale. 

Table 2. Associations between noticeable livestock odor and public school enrollment in North Carolina. 

of reported odor, and treeffect of low white/ 
low SES, compared with high white/high 
SES, chan~ from elevated risk to reduced 
risk in Ea:h of tre thrre li\A:51:ock odor mod
els, sugg:sting that ochools with high white 
enrollment are disproportionatelyexpored 
to odors from otrer types of I i\A:51:ock opera
t ions. Among the excluded schools, 13% 
(n = 5) returnedsur.eyswithsp:cificrrention 
of livestock odor from poultry, compared 
with 3% (n = 7) of the ochools included in 
our main analysis. In both populations of 
s::hools, reports of poultry odor were more 
common among s::hools with 2 63% enroll
rrent of white students (excluded ochools, 
15%; ochools in main analysis, 4%) than 
among schools with < 63% enrollment of 
whitestucents (excluded ~hools, 0%; s::hools 
in main analysis, 2%); ales;; pronounced divi
sion W26 obrerved acrcss categories of SES. 
Information about odor from poultry opera
tionsWcS not dirECtlyrolicited on oursur.eys, 
ro our suppcsition that poultry operationsare 
located nEEr s::hools with higher white enroll
rrent, ba:a:I on tre cemographics of s::hools 
with survey-reported poultry odor, is uncer
tain. We VI.ere unable to e.ialuate the proxim
ity of s::hools to poultry operations becau::e 
few poultry operations in North Carolina 
require governrrent-iffiued liquid WcSte man
~t permits from which location data can 
be abstracted. The State of North Carolina 
dces not currently rela:re information about 
the locations of poultry CAFOs becau::e of 
state regulations about confidentiality of cgri
cultural data (State of North Carolina2002). 

Study limitations. Our survey-based 
reports of I i\A:51:ock odor are vulnerable to re.J

eral roura:s of potential bi26. If responcentsat 
s::hools with higher enrol lrrent of white stu
dents are more likely to report livestock odor 
on our survey than are respondents at s::hools 
with higrer nonwhite enrollrrent, tren this 
finding may be the result of biared survey 
responre. If ventilation or window u::e cor
relate with enrollment, then differences in 
tre odor reports may be due to differena:s in 
indoor odor le.els. School ~ may re corre
lated with the si2e, ~' ta:hnology, or otrer 
features of livestock operations that affect 
odor. And, although in the distance-bcSed 
analys:s we categori:zed proximity to a SNire 
CAFO 26 within 3 miles of at least ores,vire 

All schools 
(no.) 

No odor 
No.(%) 

OJtside or inside OJtside only a.rtside + inside 
Blrol lrnent" 
All schools 
High white/high~ 
High white/low~ 
Low white/high~ 
Low white/low~ 

226 
96 
18 
16 
96 

179(79.2) 
80(83.3) 
13(72.2) 
13(81.3) 
73(76.0) 

No.(%) FR(95%Cl:f' 
47(20.8) 
16(16.7) 
5(27.8) 
3(18.8) 

23(24.0) 

1.00 
1.63 (0.70-3.80) 
1.44 (0.48-4.30) 
1.58 (0.90-2.78) 

No.(%) FR(95%0:f' 
28(12.4) 
9(9.4) 
4(22.2) 
2(12.5) 

13(13.5) 

1.00 
2.42 (0.86-6.84) 
1.87 (0.45-7.79) 
1.63(0.74-3.61) 

No.(%) FR(95%Cl:f' 
19(8.4) 
7(7.3) 
1 (5.6) 
1 (6.3) 

10(10.4) 

1.00 
0.89 (0.12-6.62) 
1.12 (0.15-8.49) 
1.66 (0.66-4.15) 

'Enrollment categories: high white, 2c 63% enrollment of white, non-Hispanic students; low white, < 63% enrollment of white, non-Hispanic students; high SES, < 47"/o of students receiv
ing free or reduced price lunch at school; low SES, 2c 47"/o of students receiving free or reduced price lunch at school. bAdjusted for rural school locale. 
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CAFO, the numter of SNine CAFOs located 
l1EBf a g;hool and the distano:s and ~fcl'.)hic 
dircrlions te1'M:al the g;hool and a:ch of the 
llEBfby SNi ne CAFOs are a:ch refle:cted in the 
survey-bcEecl EStimate; of SNine CAFO expo
sure. The SUf\€YS provided an EStimate of total 
exposure, whera:s the analysis bcEecl rolely on 
distance may ha.e unclere51:imated the burden 
of exposure on g;hools located l1EBf more than 
oneSNineCAFO. Theecomponentsofexpo
sure would te important to consider in an 
assessment of health impacts of swine 
CAFO-related exposures. 

Our S:mplesi2e WcS determined largely by 
whether employees in ecch of the surveyed 
schools participated in our environmental 
h:Elth survey. If the pre:ence of I i\61:ock odor 
at the g;hool or the pre::ence of the I i\.e;tock 
industry in the community systematically 
influenced employees' dECisions to complete 
and return SUf\€YS, then our S:mple of g;hools 
may not te repre:entati've of the sur.eye:J pop
ulation. lfemoorrmrrent, denial, or~ 
tion of the odor problem affEcled respondents' 
odor ratings, or if respondents' adaptation to 
the odor affEcled their ratings, then the distri
bution of odor reported on our surveys may 
not refle:ct the pre::ence of odorant chemicals 
in this population of g;hools. For example, if 
respondents in farming communitie;and who 
routinely smell li\61:ock odor rate the odor as 
leE ffi'vere than do survey respondents who are 
not routinely expcred outside of the g;hool, 
then the exposures of more expcred gnools 
may te underestimated in thee data. 

To c'EEE$ potential bias in survey responre, 
we evaluated g;hool-le.tel survey participation 
and found that responre rate; inaa:m::I cercss 
tertile; of increasing perrent enrollment of 
white, non-Hispanic students(< 51% white, 
75% participation; 51% to< 78%, 77%; 
2 78%, 85% ). Lower participation among 
g;hools with larger nonwhite populations may 
refle:ct a broad pattern of nonparticipation in 
res:Erch cetivitie; initiated by predominantly 
white institutions (Corbie-Snith et al. 1999, 
2004; Ganble 1993; Shaters-Hornaday et al. 
1997). Among participatingg;hools, our clcffii
fication of the pre:ence of I i\61:ock odor bcEecl 
on employe:s' respons:s to the survey question 
may have introduced additional bias in our 
re5Ults. We mailed more than one survey to 
ecch school and received up to seven com
pleted SUf\€YS per school; for a:d1 survey qLES
tion, VI€ a:;signed the exposure to a school if 
any respondent indicated the pre:ence of live
stock odor at the school. Consequently, our 
exposure as.signments were sensitive to the 
numter of surveys completed and returned 
from a:ch g;hool. With a:ch a::lditional survey 
returned from a single school, and with a:ch 
a::lditional respondent prcwiding a reN oppor
tunity for the school to tecla:sified asexpaa:J, 
the likelihood of a school's cla:;sification as 

hating notiC1:1:0le li\61:ock odor incra::a:d. To 
cH:eSS the impacts of our use of all survey 
respons:sand our method of clcffiifying expo
sure, we EStimated the effect of ra:e and eco
nomic characteristics on liVe5tock odor using 
data from one randomly relEcted survey from 
a:ch of the participating schools. We repa:rted 
thisS:mpling 50 time; to generate a range of 
EStimates. On rep:ated S:mpling and EStima
tion of theeffect of ra:eand economics on any 
noticeable livestock odor, variation in PRs 
WcS low, with 76% (38 of 41) of low-white/ 
high-SES estimate;, 80% (40 of 50) high
white/la.iv-SESEStimate;, and 42% (21 of 50) 
of la.iv-white/la.iv-SESEStimate; teing clcrer to 
the null than the re5Ults we report. 

Conclusions 
Our results provideevidenre that North 
Carolina'sSNine CAFOsare located clcrer to 
schools enrolling higher perrentcges of non
white and economicallydiS:dvan~students 
and that I ivestock odor is a more common 
problem for schools with lower SES enrol 1-
ment. By considering the environmental expo
sures that a::lolerentsattendingschool llEBf the 
mlitie; may experienre, our findings support 
and extend previous res:Erch about the density 
of SNine CAFOs in nonwhite and poor com
munities (Wilson et al. 2002; Wing et al. 
2000), and the cffiOCiation tet',/1,,1:ffi environ
mental exposureand ra:eand po'verty in com
munitie; located l1EBf industrial source; of air 
pollution (~rlin et al. 1999). Unde!standing 
the vulnerability of populations bEEring the 
burden of SNine CAFO exposures is of public 
h:Elth importanre tecauS:! of the hEalth risks 
a:B)Ciated with SNine CAFOs and SNine odor 
in other studies (A\erY et al. 2004; Merchant 
et al. 2005; Thu et al. 1997; Wing and Wolf 
2000) and the likelihood that haz-ardous air 
pollutantsarisi ng from SNine CAFOsaffect the 
h:Elthofchildren insimilarways. Our findings 
may have implications for school personnel, 
particularly thcre in economically disadvan
~ communitie;, who are conrerned about 
this common exposure and its potential impcet 
on a::lo!Es::ents' respiratory h:Elth and should 
te US:!d to a::ldJcSSexisting racial and economic 
disparitie; in exposure to environmental h:Elth 
haz-ards. 
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n the coastal plain 
of eastern North 
Carolina, families in 
certain rural com
munities daily must 
de:11 with the pierc
ing, acrid odor of 
hog manure-remi

nis:Ent of rotten em.sand ammonia--\f\0fting 
from 11E0rby industrial hog farms. On bad 
days, the odor i nva:les homes, and people are 
often foro:d to en.er their mouths and nOO:S 
when stepping ou1side. Sorretim:s, residents 
'£'al, a fine mist of manure sprinkles nEErby 
homes, cars, and e.a, laundry left on the line 
todry.1 

Today's industrial~le farms-called 
concentrated animal feeding operations 
(CAFOs)-houre thousands of animals 
where \M:'Ste is periodically ~plied to "spray 
fields" of Bermuda gra:s or fe:d crq:,s. 2·

3 The 
\M:'Ste can rontain pathog:lns, tl:aty metals, 
and antibiotic-resistant ba::teria, 4·

5 and the 
spray can re::ch nEErby homes and drink
ing '1\01:er sources. The odor plume, which 
often pervades nEErby communities, con
tains respiratory and eye irritants including 
hydrogen sulfide and anmonia. 67

•
8 A gr0\/1/ing 

body of re:mrch ~ thesaemissions may 
contribute not only to muccsal irritation 9 

and respiratory ailments10 in rmrby residents 
but alro decr6:13Sd quality of life, 11 mental 
st!"€$, 1213 and elaated blood prE$Ure. 14 

Although the Midwest is the tradi
tional home for hogs, with Iowa still the 
top-producing state, North Carolina W:mt 
from fifteenth to sa:ond in hog production 
between the mid-1980sand mid-1990s.15 

This explcsi-.e gr0\/1/th resulted in thousands 
of CAFOs located in the a:stern half of the 
state--tquarely in the so-called Bicek Belt, a 
cres::ait-shcµrl tend throughout the &:>uth 
where sla.e worked on plantations.16•

17 After 
emancipation many freed slaves continued 
to work as sharecroppers and tenant farm
ers. A rentury later, black residents of this 
rEgion still experience high rates of povety, 
poor ha:llth care, low educational attainment, 
unemployment, and sul::6taldard housing. 18

,
19 

The clustering of North Caro
lina's hog CAFOs in low-income, minor
ity communities-and the ha:llth impacts 
that a:romµ:iny than-has rais3d conrerns 
of environmental injustice and environ
mental ra::ism. 20 P6 one p:1ir of im.etig:itors 
explained, "[P]eople of color and the poor 
living in rural communities lccking the politi
cal capacity to resist are S3id to shoulder the 
adverre rocio-a::onomic, environmental, or 
health related effejs ofswine\M:'Steexternali
ties without sharing in thea::onomic benefits 
brought by indu:;trializa:l pork production." 21 

Although North Carolina is not the only 
area with environmental justire conrerns 

vis-a-vis CAFOs, it has ba::ome one of the 
bffil: studied. 

Environmental Injustice? 
Oneofthemisunderstandings aJOutenviron
mental ra::ism, in p:!rticular, is that the term 
~ malicious or at least discriminatory 
intent in terms of locating haz'ards. Although 
that may exist in rome G:B:S, re,.eral studies 
have argued that industry or go.ernment 
simply follc:>\,'l,E(j the "path of least resistanre'' 
in chocsing sits where people v...ere IE$ likely 
to obj~t or land V1.EScheap.22

,
23 The situation 

naer1:hel€$ results in environmental inju:;l:ire 
if minority populations are disproportionately 
affa:;ted, no matter the 1"€1:00fl. 24 

From a scientific persrx:cti-.e, hundreds 
of studies ha.e documented diSp:1rities in the 
location of environmental hazards relati-.e 
to ra:;e and cla:s, and, further, in the extent 
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and timeli11E$ of rara:Jiati-.e a::tions. 25,26,27,28 

"Environmental justire science [~ to] 
understand how burden diSp:1rities lead to 
exposure, risk, and health diSp:1rities," says 
S:roby Wilron, a University of Maryland 
environmental lmlth profe:ror. 

Deb3tes still exist aver the relati-.e impor
tanre of rcre \.elSUS rocioo;onomic status29 

and whether haz'ards are disproportionately 
sited in rEgions where minorities and impov
erished people live, or whether communi
ties change after polluting fccilities mo-.e in. 
MC61:studiessum,st theformer.22

·
30 H<Me.e", 

rerearch alro sum,sts that people who can 
afford to ITIO\.ea,vay from environmental hc£
ards often do, increesi ng disµ:lrities. 30 

East Carolina University sociology 
profe:ror Bob Edwards says he had ha:lrd 
environmental ju:;tiregroui::sclaiming disµ:lr
ities in the siting of hog farms and industry 
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proponentsdenying them when he1e0li:za:I it 
wa5an empirical question. "Therewa5 no r83I 
re:a:rch at the time," heS:l'yS. S) in 2000 he 
began a study with oollcborator Anthony E. 
Ladd of the Loyola Uni.ersity Department 

A 184 

of S)ciology. They found that even when 
oontrolling for rEgional differenres, urban
ization level, property value, and attribute; 
of the labor force, €051:ern North Carolina 
countie; with lar~ minority populations 

v.ere home to greater ooncentrations of hog 
wa;;te, a function of hog population den
sity, oomparoo with more urbani:za:I oountiEs 
with a higher perren~ of white IESidents.21 

Another North Carolina study later reported 
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nine tim=s more hog CAFOs in arEES where 
there W26 more po\elty and higher perrent
q):S of nonwhite pe::,ple even after adjusting 
for population density a; a rna:sure of rural 
lcxation and cla:µ:r land. 20 

Edwards ha; also reported that large 
hog operations forred small farmers out of 
businE$. 31 As the industry consolidated, the 
primary slaughterhouse in North Carolina 
refLB:d to a:rept hcgs in lots of fe.A.el" than 
1,000:2 With the exception of the slaughter
house, the industry does not create many 
working-clcSS jobs and sometimes creates 
major rifts in the social fcbric of communities 
betvlEet1 proponents and opponents of local 
CAFOs. 31,33,34,35 

A Brief of Swine 
For centuries, animal husbandry operated 
much like a farm in a cartoon: pig.:;wallowing 
in mud, chickens wandering about pocking 
the ground, and CO\f\Sgraz:ing on graE, with a 
barn to store hay and fea::I. Farrrs VI.ere largzly 
sustainable; they generally did not deplete the 
roil, water, or land reooura=s rre::led to main
tain the farm for the next generation. The 
WcSte from the animals helped grow the next 
',fflf's croi:;s. 

Today, the va;t majority of America's 
1 billion-plus food animals slaughtered 
annually 36 are rais:d in CAFOs. 37 ..bhn Ikerd, 
proferor areritLS of cgricultural axmomics 
at the Uni\.€1'Sity of M i®uri, S3'y'S farms hate 
chang:rl O\ef his long carEEr in throo main 
waJS. First, today's farms speciali2e in grow
ing onecrop or in onephcreofproduction; in 
the hcg industry there are fceilities for brea:l
ing s:J,M;, raising piglets to about 40 pounds, 
and finishing operations, where animals are 
rais:d to the point of slaughter. S:rond, large 
corporations ("integrators") contract with 
individual farmers to raire animals and S=t 
pra::ire standards for what the animals eat, 
their housing conditions, and the antibiotics 
and hormones they rereive. Finally, there's 
been a consolidation of control and own
ership that, a; mentioned, ha; forre::I small 
farmers out of busil1€$ and altered local econ
omiesand communities:1•32 

The hog industry in North Carolina 
chang:rl lc4)idly starting in the 1970s, when 
Wenooll Murphy c;pplied the CAFO model, 
alre:dy LB:d for poultry, to9Nine. 38 Asasuc
a:e;ful hog farmer, Murphy\11/clSelEP'ted to the 
North Carolina HoiJe of Repre:en1atives in 
1983and to thes1ate59nate in 1988, where 
he sponsored and helped to i:m; ~islation
dubbed "Murphy's la.vs"-that eliminated 
sales tax on hog farm a:;iuipment and pre,. 
vented local authorities from using zoning 
aithority to de:11 with odor issues. 39,40 

The indl.61:ry's rapid growth in the state 
follO/\e:I the~ of thee bills, causing a 
major shift in the states hcg farming. In 1982 

I CAFOs and Environmental Justice 

Maps from an older study show distributions of poverty, minority residents, and hog CAFOs in 
North Carolina as of 1998-2000, Little has changed appreciably since then. 
Source: Wing et aL (2000)20 
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eJefY county in North Carolina but one Im 
a oomrrercial hog farm; by 1997, 95% of hog 
farms \t\€IB lorata::I in the 6:51:ern counties of 
the cx:a;tal plain. 32 

Today the North Carolina hcg herd, all 
told, numbers around 9--10 million animals 
annually, a:rording to the state Department 
of Agriculture and Consumer ~ices. 41 This 
results in an enormous amount of manure, 
with a:ch hcg producing an estimata::I four to 

eight timescS much fa:EscSa human.32
·
42 In 

2008 the Go.ernrrent Accountroility Offire 
reporta::I that rome 7.5 million hogs in five 
6:51:ern North Carolina counties produarl an 
estimata::I 15.5million tonsof\M:Ste per ',ml", 
and that in one year a single 80,000-head 
rei I ity could create 1.5 times the \M:5te of the 
city of Philadelphia43 

The lagoons in which this WcSte is 
stored contain ~hoga,s such cS Sa/rrora/a, 

i~ticidES, antimicrobial cgents and other 
pharmareuticals, and nutrients that catre 
widespread pollution and impairment of 
watersha::ls acrOffi the COcStal plain. 44 A5A6 

Much conrern hcS been rai93:I O.Jer antibiotic
resistant bacteria that result from CAFO 
animals' near-continual expa,ure to sub
therapeutic dca:s of antibiotics cS an inex
pensi\.e rrmis to praent diS:He and promote 
growth. 47,48 

Whereas human sewage 
is treated with chemical and 
mechanical filtration before 
being rela:red into the environ
rrent, CAFOs channel \M:5te from 
hcg hoUS:S into pits or lagoons, 
where it is stored untreated until 
it is applied to land. All lagoons 
leach to some degree, 49,50,51 and 
during hurricanes and storms 
trey can o.erflow or burst, spi 11-
ing raN ~ onto the Ian~ 
and into waterWc¥,. In 1995 an 
eight-acre lagoon ruptured, spill
ing 22 million gallons of manure 
into North Carolina's NEW Ri.er, 
killing millions of fish and other 
organisms; other spills followed 
that summer. 52

·
53 E\.en without 

spills, ammonia and nitrates may 
S:ep into ground\i\01:er, especially 
in the COcStal plain where the 
\i\01:er trole is near the surfa::e. 32

•
54 

p and 
Toxics 

Upper: CAFOs apply accumulated animal waste to spray fields of Bennuda grass or field crops located 
around the barns and lagoons. Lower: Hogs are packed tightly inside CAFOs like this one in Princeton, 
North Carolina. 

Although more res:arch is nea::IEd 
on the imp:ci of CAFO emissions 
on sus:Eptible groui::s of people, 10 

studies hate linked hog odors and 
air pollution from the aoociata::I 
odor plume with adverse efla;ts 
on health and quality of life. 55 

Wi Ison, who has documented 
environmental justire i$UES sur
rounding hog farms in North 
Carolina and Miffiiffiippi, explains 
that CAFO emiS3ions go beyond 
ta:! smells. "It's much more com
plex than that," he says. "You 
hate expa,ures through air, \i\01:er, 
aid roil. You hate ... inhalation, 
ingestion, and dermal exposures. 
Frople hate been expcm:I to mul
tiple chemicals: hydrogen sulfide, 
particulate matter, endotoxins, 
nitrogenous compounds. Then 
you have a plume that moves; 
what~ into theair ~ into the 
\i\01:er. You hate runoff from spray 
fields. Thee are complex expa,ure 
profiles." 

University of North Caro
lina epiderniolcgy proferor Ste.e © 2013 Donn Young Photography 
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Wing and oolla:gues have rep:>rta:I that VI.ESl:e 
odor frequently pre.ents local residents from 
spending time outdoors, opening windows, 
putting laundry out to dry, or inviting visitors 
o.e-.9

·
56 In the Community H831th Effects of 

Industrial Hog Oi:;erationsstudy, a rei:aal:ed
rra:sures, oommunity-dri\ell projEcl, Wing 
and ooll~ues enrolled 102 individuals in 
16 oommunities to sit outside twire a day, 
ra::ording odor strength and 9{mptoms such 
cS eye irritation and difficulty breathing. Par
ticipants self-monitored cEpE:Cts of their phySi
cal health, including blood pre:sureand lung 
function, and alro lred mobile air pollution 
monitors to oollert data on le.els of hydrogen 
sulfide, endotoxin, ~ particulate matter 
(PM

10
), and S:mivolatile oompounds in par

ticlephcrewithin a:ch neighborhood. 
The remrchers found that hydrogen sul

fide levels v..ere strongly related to odor. 57 

Furtrermore, rra:sures of odor, endotoxin, 
hydrogen sulfide, and PM10 v..ere cEBJCiata:I, 
variously, with incra:m::I respiratory diffi
culty, rore threat, chest tight11E$, naLW3, and 
eye irritation, 58 whera:s hydrogen sulfide and 
S:mivolatile particles v..ere linked to reports 
of feeling stre:red, annoyed, nervous, and 
anxious.13 

Most rErently, Wing reported cBSOCia
tions betw:en blood pre:sure incra:s:s and 

incra:red odor and hydrogen sulfide. 14 "In 
this primarily African-American popula
tion, in a rEgion that is known historically cS 

the Stroke Belt l:Joo3u:e of very high rates of 
death from rerebrova:cular dis:l:re, V'.e don't 
nea:I environmental expa;ures that are 16:d
ing to additional blood pre:sure incra:s:s," 
WingS:lyS. 

Berausa tl"eE oommunities are typically 
impo\iefisred and la::k political clout, they 
often have little means to fight back. 59 "It 
creates a major burden on oommunities when 
they have few !Eg:ll protections," S3'{S Wilron. 
HoVl.€'vef, getting oommunities involved in 
data collection has empowered citizens.59 

"When V'.e train residents to do s::mpling, 
they understand the ~ienre of the prC>Cl:$," 
S3'{S Wilron. "They can go to the town ooun
cil, they can go to the media, they can explain 
it. That's pov,.erful. It heli:;s build up a oom
munity'sability to be more involved in da::i
sionmaking." 

Who looks After Residents' 
Health? 
The shift to CAFOs hcppened ro fest that 
rEgulations and laAG protecting human health 
and the environment have not caught up with 
the changing fcre of animal husbandry. A 
2013 report revealed that despite the high-
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ly locali;red h831th impacts cBSOCiata:I with 
CAFOs, local and state health departments 
generally do not have jurisdiction O\ef them; 
inst€BCI, that responsibility is typically held 
by state environmental or natural rerourre 
cgencies.60 Jillian Fry,aleB:lfcherattheJohns 
Hopkins Center for a LiVcble Future who wa:, 
16:d author on that report, S3'{S, "The ~
cies responsible for rEgulating CAFOs-their 
mis5ion is not to protect human health." 

Fry says the study was inspired by a 
CAFO expansion rrreting she attended with 
a coll~ue. A proponent of the expansion 
stood up at the rrreting and stated that if 
hog farms calred health oonrerns, the health 
department would make the oommunity 
aMlfe; therefore, there wa:, nothing to worry 
about. " I kneN . . . that the hffilth depart -
ment wa:, not involved, ro V'.e \M311ted to a:e 
what the situation wa:, in other parts of the 
oountry," FryS:l'{S. 

She and her oolla:gues intervieM::d health 
department staff in eight states and found 
that most h831th c:Ep3rtments did not d83I 
with CAFO i$UES. Either they la::ked the 
jurisdiction, had no budget or expertire, or 
v..ere d831ing with political pre:sure. Fry S3','S, 
"E\ell if a health department thinks this is a 
lffilly important issue, Wi:lre hearing from a 
lot of them, 'WereaNare of the ~ienre, V'.e 
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know of the problem, but it's the political 
barriers."' 

The SUf\eY alro found that community 
rrembers did not get very far with inquiries. 
"Weasked community rrembers, 'Wa3 there 
e,;er a tirre you conta:;ted a health depart
ment and they addre:red your complaint'?' 
They all said no," says Fry. "They were 
almc:st always referred to another ~ncy, 
or rraybe trey V1tOuld look into it and hit a 
barrier." 

An to the Future 
With ax:umulating s:;ientific evidence O\el" 

the environmental and community hEalth 
imp:ds of hcg CAFOs and extensive media 
covercge of ruptured lcgoons, oppa;ition cre
s:;endoed in the mid-1990s. In 1997 North 
Carolina p:m:d a lw prohibiting theexjl311-
sion of existing hog operations and ploc
ing a temporary moratorium on reN hog 
CAFOs, 61 although permits in the hopper 
vvere approved. The moratorium became 
permanent in 2007 with the SNi ne Farm 
Environmental ~formance standards Act, 
which banned reN lcgoons and mandated 
that any new or expanded CAFOs must 
tre environmentally superior ta::hnologies 
(ESTs) to sul:stantially redl.l<'.B emis,ions and 
prevent wa;te dis:;harg;s into surtcre and 
ground waters. 62 The 2007 law provided 
for a substantial cc:st-share for operators to 
upgrade their lcgoons and implement ESTs, 
yet only 11 of 2,200 hav'e applied, and only 8 
hav'e P3rticipated. 63,64 

A188 

Although the oct limited growth of reN 

hcg reiliti€s, it didn't cla:ln up existing ones, 
says Wing. Local residents still deal daily 
with odor and pollutants in the vicinity of 
hog farms. The moratorium al&:> catalyza:I 
other chang;s where imp:ci is yet to be fully 
1"631i2ECI. "More poultry reilities have b:en 
built," Wing says. "That brings up other 
issues such a3 thesprm:I of microbes~ 
species." 

Another milestone occurred when 
Smithfield Foods, Inc., entered into an 
cgrearent with the state Attorney General 
in 2000 after dozens of lcgoons ruptured 
during Hurricane Floyd, resulting in Cl€011 
Water Act violations. 65 Smithfield Foods 
cgrred to pay $15 million toward rexarch 
on ESTs and $50 million toward environ
mental enhancement. 66

,
67 Premium standard 

Farms, a subsidiary of Smithfield Foods, 
later voluntarily added $2.1 million toward 
the cgrearent for EST re;aarch and de,.el
opment. 68 If an EST vvere found to be both 
eronomically feasible and environmentally 
superior in five categories, the companies 
cgrred to implement it at €1:Ch of the farms 
they owned, although not at farms they 
subcontrocted. (Mike Williams, dira:;tor of 
the Animal and Poultry Wa3te Mancgement 
Center at North Carolina State University 
and superviror of the cgreen,ent, says an 
estimated 5-10% of North Carolina hog 
farms are company-owned.) 

After phcre 1 of development, only 
one of the reN ta::hnologies examined-

the Super Soil ~ (sinre renamed Terra 
Blue)---mat all five environmental standards, 
but it wa; deerred uneronomiral. lmprove
rrents made during phcre 2 reduoed the 
cc:st but not enough to rrret the eronomic 
criteria The project is now in the final IM:eks 
of phae 3. "If the proc:e:E shOV1,S that it da:s 
rrret bona fide EST status and a::onomic cri
teria, then the cgrearent states [farms hav'e 
a rertain] amount of tirre to implement," 
WilliamsS:l'yS. 

In 2011 the state paxa:I a bill that allOV1,S 
hcg CAFOs to upgrade their buildings with
out nreding to upgrade their WcSl:e ~
ment systems or tre ESTs, counter to the 
previous c:IEracle's mandates. 69 Serre critics 
have called this a loophole, given that the 
2007 laN stipulated hog farmers vvere sup
paa:I to implement ESTs if trey wanted to 
incra:re herd size or install reN buildings. 70 

At the same tirre, the handful of pio
neers who are implementing ESTs are 
crEating what could be the future of hog 
farming. 11 In one of thcee projects, Google 
ha3 partnered with Duke University and 
Duke Energy to turn Yadkin County's Loyd 
Ray Fa-ms into a sustainable operation that 
generates rene,vrole energy and rarbon off
rets. 72 The 8,600-hEad finishing farm cap
tures methane from its hog WcSl:e using an 
ana3fobic dig;ster. The methane provides 
fuel to run a microturbine that paves part 
of the farm and supports components that 
reduce odors, nutrients, pathogens, and 
ha3vy rretals. Google and Duke Uni\el'Sity 
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sha"e the aroon credits, while Duke Energy 
ra::ei\€5 renewcble energy certificates (cred
its for gznerating rene.Nable energy that are 
rold 9:lpal"ately from the a:;tual electricity 
produred73). Although projocts like th:re ro 
far rrake up only a tiny fra:iion of the rmr
ket, their experirnenlal apprca:;h could IEHI 
the Wd/ tO'v\0l'd hcg farms becorni ng retter 
neighbors. 

Wmdee Nicole, l::ased in H:lustm, 1X, has written for Nature, 
Scientific American, National IM/d/ife, and other rregazire& 

REH:IB>lCESAND NOlES 
1. Wings. Sxia reeponsibility and research ethic, in community-drtven 

studies of industnaized hog production. Environ Health Fe1'!)ect 
~~1:b-;;44(2002X !illM~Jl!!!LD!!lll.9l!illmdarte 

2. Mlena.P, et a. Soil Facts Swine Manure es a Fertilizer Source. 
F\Jblication AG439-4. Raleigh, NC:North carolina Cooperative 
&tension Service (updated Cec 1997). Available: h1!lcL~~ 
[accessed 22 May 2013]. 

3. H'A. Managing Manure t,;Jtrienlsat Conoentraled Anima Feeding 
Operations. Weshington, OC:U.S.EnvironmentalProtection Agency 
(Aug 2004~ Available: llt~&(!u/final-~!ll:JluidaJJ.~ 
Jl!!! [accessed 22 May 2013]. 

4. Lowman A, et aL Land application of treated sewage <Judge: 
community health and environmental justice. Environ Health Ra!spect 
121(5):537-642(2013);Jl!!pjklx.doi.oJllL!Q.12891eJ]pJ205470. 

5. MarnaR Cea;pools of Shame: How Factory Farm Lagoons 
and Sprayfields Threaten Environmental and F\Jblic Health. V\/ashington, 
DC:Natural Rasouroes Defense Council and Clean Water Network 
(2001~ Available: JJ!!Q,;//goqgll,'lQ!!Jr [accessed 22 May 2013]. 

6. Wison SM, Serre ML B<amination of atmcepheric ammonia 
le,els near hog CAFO;, homes, and s;hools in eestern North 
Garolina. Atm_a;Environ 41(23):4977--4987(2007X ht\~Ql 
Q!llL1!1~.Q§E'~jkQ55 

7. NR:. The Soientific E>a;i; for Estimating Air Emissions from Anima 
Feeding Operations: lntenm Report. Weshington, OC:Committee on 
Animal Nutntion, Nationia Resffirch Council (2002). Available: ht!EL 
~[accessed 22 May 2013]. 

8. Ciganek M, NecaJ. Chemical characterization of volatile organic 
compounds on animal farms. Vetennami Medicina 53(12):641-651 
(2008); ht~ri.cz/~licationsl+dt-73. 

9. Wing S, Wolf S. Intensive livestock operations, health, and quaity of 
life among eestern North Carolina residenls. 8Jsjron Health Fie1'!)ect 

:~~~;~8 (2000); ~~£!lh!l!!l!Jl~ 

10. Toomeffi. Environmental hooth impacls of concentrated animal 
feeding operations: anticipating hazard&-searching for solutions. 
8J\jron Health Fe1'!)ect 115(2):296-297(2007); JillE~!. 
'l!lJilll.1289ieh£.8831. 

11. Schiffman S.S, et al. The effect of ens.;ronmental odo!S emanating 
from commercial swine operations on the mood of nearby residents. 
8:':r,1:;~~;\~369-375(1995); ~w,n,Jlill!t!!ll!!:!S!l¥L J2', ___ , 

12. Buller., S. Environmental stre,;:,15, peroewed control, and hooth: the 
cese of residenls near la,ge=le hog famns in eestern North Garolina. 
;133(1):1-16 (2005); ~11QJQQL,'§~Q!L. 

13. Horton RI\, et al. Ma odor as a trigger of stres;and negati\.e mood in 
naighbOtS of industna hog operations. Am JF\Jblic Health 99(suppl 
3):S31D--S515 (2009\ !:!!l.[Lldx.doi.2!:9L)0.2105/APH.2008.148924 

14. Wing S, et a. Air pollution from industrial swine operations and blood 
pre,;ure of neighbonng residenls. Environ Health Ra!spect 121(1):92-
96 (2013); ~l9ill11Q,1~~J~-

15. Fun.seth Ol Restructuring of hog fanning in North Garolina 
explcsion and implcsion. Prcf Geogr 49(4):391-403 (1997X hl!Jl1L 
f!is~~~-

16. Baharanyi N, et a., eds Rlcuson Elacl< Belt Counties: Life Conditions 
and Opportunities. Ruoeedings of a R-econference of the 50th 
Annua Rofeaaional Agncultura Wort<er.,Conference, Tuskegee, 
AL 5-6 Dec 1992. Tuskegee, Aland M-ppiState, Ms.Tuskegee 
Unive!Sityand theSouthem RlraJ DevelopmentCenter(1993). 
Available: !lttp://goo.gl/4iC,!Ll, [accea,ed 22 May 2013]. 

17. Wimbeney OW. Quality of life trends in the southern Elacl<Belt, 1980-
2005: a research note. JRlral S'.lcSci 25(1):103-118(2010); httn://noo. 
9JLm£! --

18. C..hounSJ, et al. Federia funds in theElacl<Belt. RJralAm 15(1):20-
27 (2000); l!!!~!ll.Ml/!l:il:-

19. WimbeneyR:, MorrsLV. lheregionalization of poverty. -nee 
for the Elacl< Belt South? South Rlral Soc 18(1):294-306 (2002); 
l!!JpJ/g,cigs.!IJ!,s,f~Ie-

20. Wing S, et a. Environmental injustice in North Carolina's hog industry. 
Environ Health Fe1'!)ect 108(3):225-231 (2000); h!lll:!Ll'il:Yw .ncbi. 
!l!m!ll!19£Y&!!l~J!'g:'Z2ll.~ --

21. BJ wards B, Ladd AE Race, poverty, political capacity and thespatia 
dstnbution of swine waste in North Carolina, 1982-1997. North 
CarofinaGeogr(9):55-77 (2001): tlJJil;L~,!!J~i:Y,L 

22. Mohai P, et a. Environmental justice. Annu fet Environ Rrour 
34:405-430 (2009\ IJ!~l~!l!l!J!!'J/;: 
environ-08250M94348. 

23. F\Jlido L Rethinking environmental racism: white P™legeand urban 
development in Southern Galifornla. AnnAs;ocAm Geogr90(1):12-
40 (2000); h,\IEL!dx.cJoL"ll!1fl.1111i00J4.6008.00182 -· 

24. Atternpls to get comment from the Nationa Pork Prcduce,s Council 

and the North Carolina Polk Council on ths question were not 
answerec:L 

25. Brown P. Race, cla», and environmental health: a review and 
sy.;tematization of the literature. 8J\jron Ras 69(1): 15-30 (1995); 
hl!E!dx.doi.!?!llLl0.1006/erns.1995.1021 -' 

26. El!yant B, Mohai P, eds. Race and the Incidence of Environmental 
Hazards: A limeforDs::ou!Se. Boulder, COWesMew Prees(1992). 

27. Ringquist El Aesasaing etidence of environmental inequities: a meta
anay.;s. JPolicy Anal Manage 24(2):223-247 (2005); h,!~!!QL, 
!l!llL1!11QQi~§ 

28. Anderton~ et al. Environmental equity; the demographics 
of dumping. Demography 31(2):229-248 (1994); IJl!il:L(fllS!!PL 
2!!1L1!L~QZ@fil§,[lj 

29. E;ansGN, KantrowitzE Socioeconomicstatusand hooth: the 
potential role of emnronmental rial< expasure. Annu RevF\Jblic 
Health 23:303-331 (2002); h!!£JiJi!SE9h!!9LJP-1146/annurev. 
~.112001.112349 ·-·-----

30. Bnulle RJ, Fellow CN. Environmental justice: human health 
and environmental inequalities. Annu RevF\Jblic Health 
27: 103-124(2006), htte://dx.d£h<>rg£j0.1146/annurev. 
publhealth.27.021405.102124 

31. Edwards B, Ladd /lE. 8J\jronmental justice, swine production and 
farm loo, in North Carolina. Social Spectr 20(3):263-290 (2000); 
h~~1ZDD4@~-

32. Edwards B, Dlis::oll A From famns to factories: the environmental 
consequences of swine industrialization in North Carolina, 1982-
2007. In: Twentylesrons in Environmental Sociology (Gould K, Lewis 
T, eds). New York, NY:Oxford UniversityPrees(2008). 

33. Few Commission on lndustna Farm Animal Froduction. F\Jtting 
Meat on the Table: Industrial Farm Animal Prcduction in Amenca. 
Philadelphia, PA andWeshington, OC:TheFew Chadtable Tnusls 
(2008). Available: l!!!llJ!,gg,!ll!Jiu,;9~ [accea,ed 22 May 2013]. 

34. DeLind LB. Social consequenoesof intensi\.eswine production: some 
effecls of community conflict. CUiture Agne 26(1-2):8D-89 (2004); 
h!!E1!f!xdo~C!!J2QQ~§J;l&O 

35. LeOuff C. At a saughterhouse, some things nerer die: who kills, who 
culs, who boosescan depend on raoe. How Race Is Lived in Amenca 
["!)ecial seiies]. The New York Times, on line edition (16 Jun 2000). 
Available: !l!!Rd/,a9.!19!/,M!:'~ [accessed 22 May 2013]. 

36. USJA Livestock Slaughter [website]. VI/ashing ton, OC:Nationai 
AgriculturaJ StatisticsService, U.S. Department of Agriculture(updated 
25 Apr 2013). Available: ~~g [accessed 22 May 2013]. 

37. Farm Forward. FactoryFarming [website].Portland, ORFarmForward 
(2013). Available: !)!!I!:L(g£)~ [accea,ed 22 May 2013]. 

38. StarmerE, Wse TA. L.Mng High on the Hog: Factory Farms, Federal 
Policy, and the structural Transformation of Swine Production. Medford, 
MA Global Development and Environment Institute, Tufls Unwe!Sity 
(Cec 2007I Availablec !l!!il:!l!l'?£!!VMIBNh [accessed 22 May 2013]. 

39. Stith P, Wanicl<J. Mwphy's laws: for Murphy, good government means 
good busnesa. Rialeigh News & ObseJVer(22 Fab 1995). Available: 
~JJ)itzern!f!Larchwesi5897 [accea,ed 22 May2013J. 

40. Md<own AM. Hog Farms and Nuisance Law in Rl/ker~ Barefoot Has 
North Carolina Become a Hog Heaven and Waste Lagoon? Agriculture 
Law Research Article. Fayetteville, AR The National Agricultural Law 
Center. Available: hl!J?1!9,9llil!!l92Y1! [accessed 22 May 2103]. 

41. NffiACS. 2012 North Garolina Agncultura Statistics. Rialeigh, 
NC:North Garolina Department of Agnculture and ConsumerSe!viicesl 
National AgriculturalStatsticsSeJVice, U.S. Department of Agriculture 
(2012). Available: htJ£1!92!lliJ!§1225 [axeesed 22 May 2013]. 

42. Thu KM, Durrenberger ff'. Rgs, Frofilsand Rlral Communities. 
Albany, NY:State Unwe!Sity of New Yort<Prees(1998). Available: h!!Jl1L 
9£!1llJL!!,QJshl:l[accessed 22 May 2013]. ' 

43. GAO. Concentrated Anima Feeding Operations EPA Needs More 
Information and a Claariy Defined Strategy to Prctect Air and Wat.er 
Quality from Pollutanls of Concern. GA0-08-944. Weshington, OC:U.S. 
Government Aocountability Office (Sap 2008). Available: h!!Jl,~, 
~q,L~~~,illlJl~(accessed 22 May 2013]. 

44. Burkholder JM, et a. lmpacls of weste from concentrated animal 
feeding operations on water quality. Environ Health Fe1'!)ect 
115(2):3()8.;312 (2007); !llliW.~19rl!L1Q,1~~!Utll.ll,39 

45. Burkholder JM, et a. lmpacls to a coestal nver and estuary 
from rupture of a la,geswine weste holding lagoon.JEnviron 
Qual 26(6):1451-1466 (1997\ !)tte:t/dx.l!9[~/ 
~ 997 .004 72425002600060003x 

46. Gerba CJ', Smith .E.J-. Sou roes of pathogenic microo,ganisms and their 
fate duling land application of wastes. JEnviron Qual 34(1):42--48 
(2005); ht!J1:i/gg!?c9!!,~\/lL-

47_ Silbergeld B<, et al. Industrial food anima production, 
antimicrobial resistance, and human health. Annu RevF\Jblic 
Health 29:151-169 (2008); ht!ll:!Ldx.doi.o!lJ110.1146/annurev. 
~020907.090904 

48. Gibbs 83, et a. solation of antibiotic-resstant bactena from the air 
plume downwind of a swine confined or concentrated animal feeding 
operation. Environ Health Fe1'!)ect 114(7):1032-1037 (2006\ h.!!£:!L 
dx.9oi.9.tllLJQE~J O ' 

49. Huffman R, Westerman FW. Estimated seepage looses from 
establsied swine waste lagoons in the lower COE6lal plain of North 
Garolina. TransASAE 38(2):449--453 (1995). 

50. Westerman fW, et al. Swine-lagoon seepage in sandy soils. Trans 
ASAE 38(6):1749-1760 (1995). 

51. Huffman~ Seepage evaluation of older swine lagoons in North 
Garolina. TransASAE47(5):1507-1512 (2004); l!!!Edill9,9i!IL.iljgg,H. 

52. Bunns.O. The Bght Million Little Rgs-A Cautionary Tae: Satutory 
and RegulatoryAasponses to Concentrated Hog Farming. Fey,tteville, 
AR The National Agricultural Law Center, Unive!Sity of Art<anses 
(1996). Available: h!!Jl;{L,g£'lc£1ll~l\6Ll [accessed 22 May 2013]. 

53. B"A Animal Weste Dispcsal Js;ues. V\/ashington, OC:Qffice of 
Inspector General, U.S. Environmental Protection Agency (1997). 
Available: !illQ;LLwww.e~;99liL2!~~~Jl!!f 
[accessed 22 May 2013]. ' 

54. WerrickJ, Stith P. New studiesellow that lagoons are leaking: 
groundwater, !ivels affected by waste. Raleigh News & ObselVer 
(19Feb1995).~~':'(Jl!J!l~~~-

Environmental Health Perspectives VO lume121 I number 61 June 203 

I CAFOs and Environmental Justice 

[accessed 22 May2013]. 
55. Cole D, et al. Concentrated swine feeding operations and public 

health: a review of occupational and community health effecls 
Environ HealthFe1'!)ect 108(8):685-699(2000); h!!£:llwww.ncbi. 
~lmd>J!19,'2YLJ?,~""]:M~I .. ----

56. Tajik M, et a. Impact of odor from industrial hog operations on 
dailylMng actMties. New S'.llut 18(2):193-205 (2008); h~. 
9:l!L1Qd1llQL!:l§fil.i -

57. Wing S, et a. Air pollution and odor in communities near industrial 
swine operations. Environ Health Fe1'!)ect 116(10):1362-1368 (2008); 
~lL<lh.9rflL19.1~!~ill50 

58. Schinaal L et al. Air pollution, lung function, and phy.jcal symptonns 
in communities near concentrated swine feeding operations, 

~~~~1~~~6~:-~15 (2011); !ltJE:IL<!!'-,JjgigJll/10. 1097L 

59. Wing S, et a. Community besed collaboration for 
environmental justice: south-ecSt Halifax environmental 
reawakening. Environ Urban 8(2):129-140 (1996); Q!tp:lldx.doi. 
o,!]L10.1177/095624 789600800214 

60. Fry .P, et a. Investigating the role of state and local health 
departmenls in addreaaing public hooth concerns related to industriia 
food anima production sites. R..oSQ\E 8(1):e54720 (2013); h.!!£:!L 
~j,ill/j£\!!!]~Q,Q§,fil,O 

61. Genera Assembly of North Carolina. S.L 1997-458. HB 515: Qeen 
WaterAasponsibility Acl Effective 27 Aug 1997. Available: htt~o. 
gl(ill~ [accessed 22 May 2013]. " -

62. General Assembly of North Carolina. House [N-130306.ffi.6: Swine 
Fanm Env. FerformanceStandardsfunds. Effective 1 Jul 2007 and 1 
Sept 2007. Available: ~ [accessed 22 May 2013]. 

63. NffiACS 2012 Annual Report on the Implementation of the 
Lagoon Con1.e!Sion Prcgram. 2012 Semi-annua Report on the Riot 
Frogram for the Inspection of Animal Waste Management s,stenns 
Raleigh, NCDM<ion of Soil and Water Consavation, North Carolina 
Department of Agncultureand ConsumerSe!vioes (9 Oct 2012). 
Available: ~,!s!l,,~ [accessed 22 May 2013]. 

64. Karan A Rgs, Fro fit, Ranet: North Carolina Farmeis' Ra!spectr,,es on 
WesteLagoon Conve!Sion [undergraduatehono!S thesis]. Durham, 
NC:Sanford School of F\Jblic Policy, Duke University (Cec 2011 ). 
Available: JillE;!!goo.gl/fzf:!Y [acce,;ed 22 May 2013]. 

65. Wing S, et a. Toe potential impact of flooding on confined animal 
feeding operations in eastern North Carolina. 8J\jron Health Ra!spect 
110(4):387...,391 (2002); ~ncbi.nlmJli!llLCJ'!ipmc/articlesl ~,!l.Q.11 ' , __ , ' -

66. De\elopment of EnvironmentaUySJpenorTechncJogies forSwine-.
Managementper AgreernenlsBetween theAttomeyGenera of North 
Garolina,SmithfieldFoods, PremiumStandardFarmsand Frontline 
Farme!S[website].Rialeigh, NCAnimalandPoultryWaste Management 
Genier, Colkage of Aglicultureand LifeS;ienoes, NorthCarotinaState 
Uni\.e!Sity. Available: htJ!r!L!l~ [a:x:eaad 22 May 2013]. 

67. Attorney General of the State of North Garolina. Agreement between 
the Attorney General of North Garolina;Smithfield Foods, Inc.; 
Brown's of Carolina, Inc.; Carroll'sFoods, Inc.; MurphyFarms, Inc.; 
Garroll'sFoods ofVi,ginia, Inc.; and Quarter M fa!Tl'6, Inc. Raleigh, 
NC:Office of the Attorney General, State of North Garolina (25Jul 
2000). Available: h.!!£Jiil~!ll;!. [accessed 22 May 2013]. 

68. Premium Standard Farm;, Inc. Annual Report, Ried 5116/2005 for 
Feriod Ending 3/26/2005. KansesCity, MO:PremiumStandard Farnns 
Inc. (2005> Available' IJ!l!l:ii~arms.com/RF FY 2005 10K. 
p.Qf [accessed 22 May 2013]. ·-------------

69. General Assembly of North Carolina. S.L 2011-118. EB 501: An Act to 
Faalitate Improved Operations and Conditions at Cenain Preexisting 
Swine Farms by Froviding for the Construction or Renovation of Swine 
Houses at There Farm;, Effective 13 Jun 2011. Available: ~(!!L 
~ [accessed 22 May 2013]. 

70. Bindel IR Hog Wastes Dragging North Carolina Through the Manure 
[weblog entry]. http://www.fcodandwat.erwatch.org (11 May 
2011). Available: !J!!ll1~ [accea,ed 22 May 2013]. 

71. Presodjo D, et al. A Spatial-Ei:onomic Optimization Study of Swine
WasteDerived BiogaslnfrestructureDesign in North Garolina. 
Durham, NC:Duke University, Duke Carbon Of!sels Initiative (April 
2013). Available: lll~ffi [acces;ed 22 May 2013]. 

72. The Loyd Reff Farms Swine Waste-to-81ergy Of!selsRoject [website]. 
Durham, NC:Duke Uni\.e!Sity (2013t Available: 1:!!!R:1/noo.nl/Swww 
[accessed 22 May 2013]. =-=~""'-

73. B"A.RenewableEnergyCertificates(FECs)[website]. Weshington, 
OC:U.S. Environmental Frotection Agency (updated 16 Oct 2012). 
Available: l!!Jpj/~~~ .. ill?,OWer/nnmarkeUrec.htm 
[axeesed 22 May2013]. "-== .. ,-

7 4. United Church of Christ Commission for Racial Justice. Toxic Westes 
and Race atTwenty. 1987-2007: A Report Frepared for the United 
Church of Chnst Justice and Witness Minstries. Cleveland, OH:Justice 
and Witness Min,stlies, United Church of Chnst (2007). Available: 
,!l,!,tp:l/gpo.gV.189YQ [acces;ed 22 May 2013]. 

75. Bullard RiJ, ed. Unequal Protection: Environmental Justice and 
Communities of Color. San Francisco, CA:Slena Club Books (1994). 

76. The Fal dump wes remediated in 2004. See: Bullard Ri)_ 
Environmental Racism Fal Landfill Rn ally Remedied But No 
ReparationsforResidenls.Atlanta,GA:EnvironmentaUustice 
Rrource Center, Clark Atlanta University (12Jan 2004). Avalable: 
b1JP~9J!gj!)§ [accessed 22 May 2013]. 

77. GAO. Siting of Hazardous Waste Landfills and Their Correlation with 
R,:;a and 6:onomic Status of SJrrounding Communities. RJD-
83-168. V\/ashington, DC:U.S. General Accounting Office (1983). 
Available: tlJJil;Li~/aasels/150/140159,JJl!L [acces;ed 
22 May 2013]. 

78. B"A. Environmental Equity: Reducing Risks for Ail Communities. 
Weshington, OC:U.S. Environmental Frotection Agency (Jun 1992). 
Available: Jill2:ligoo.gl/!l'!l1l!! [acoessed 22 May 2013]. 

79. B"A Environmental Justice [website]. Washington, OC:U.S. 
8Jsjronmental Protection Agency (updated 20 May 2013) Available: 
!:!!!.[L~[accessed 22 May2013]. 

A 189 

ED_001369_00043779-00094 



All EI-Pcontent is accessible to individuals with disabilities. A fully accessible (Section 508--compliant) 

HTML version of this article is available at n1.'1J;111,iz.010Ltl!91.1.1JJ., .. ' .. c:'"'51."!'Pc .. 'f.'.~;"2",.C 

Erratun: "C.AFOs and Environnental .1.stice: Toe Case of North Carolina" 

TheJune2013 Ne\/\Sarticle "CAFOsand Environrrental Justire: TheQreof North Carolina" LEnviron rlEElthPerspect 
1?1:A18?--A.'189 (2Q13)] referra::I to farms that companies "co-own with farrrers." There farms should hate b:En referra::I toa; 
"company-owned." EHPra,Jretstheerror. 
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The Few Commi55ion on Industrial Farm Animal Production We£ 

establisha:I by a grant from The Few Charitable Trusts to thevbhns 

Hopkins Bloomrerg S:hool of Public HEEi th. The two-year char~ to the 

Commi55ion We£ to study the public hEElth, environmental, animal vvelfare, 

and rural community problemscreEted by concentrated animal freding 

operations and to ra:::ommend ool utions. 

Like many industries, Industrial Farm Animal Productio{lFAP) 

results in a numrer of environmental impa::ts that affoct populations 

both nEEr and far. While every industry may contribute to oociety via 

production of oome ~ry or desired good, c5 our population increm:s, 

vve have t:a::ome more and more aware of the finite nature of our world's 

re:oura:sand of the impa::ts of our various industries upon there re:oura:s 

and our own human hEElth. Industrial farm operations impa::t all major 

environmental media, including water, ooil, and air. Of mcst concern are the 

pollution of ground and surfa::e water re:oura:s with nutrients, industrial and 

cgricultural chemicals, and microorganisns; the ure of freshwater re:oura:s; 

the contamination and degradation of ooil; and the rele:x:re of toxic ga:es 

and odoroussul:Etana:s, cSvvell cSparticulatesand bicrercrolscontaining 

microorgan isns and path~ns. The Commi55ion queried the authors of 

this report on the mcgnitudeand key determinants of tree impa::ts, and the 

resulting impa::ts on both human hEElth and a:::csystems. 

The major caUS:S of the above noted environmental impa::ts ofAP 

are the enormous amounts of Wffite that are produced in a very small arEE 

in thiscgricultural model, the inadequatesystemsvve now have to dEEI with aaa iii 
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that Wc51:e, and the lar~energy and res:>urce inputs required for this ty,:e of 

production, including fre::I production and transport. 

TheusoA Agricultural RES:Erch Service(ars) ffitimated the manure 

output from farm animals in the United States to be rmrly11,illion US 

short tons of dry matter ,:er day i~001. Eighty-six ,:ercent of thisWcS 

ffitimated to be produced by animals held in confinement. Different groui:s 

have pcsited both lovver and higher ffitimates, but the fa:::t remains that food 

animals produce an enormousamount of Wc51:eevery day, excm:ling human 

sanitary Wc51:e production by at la:st one order of llla'Jnitude. HoVvever, 

d ispcsal of th is Wc51:e is far le:E cla:ely regulated than disposal of human 

Wc51:e. Animal manure and other cgricultural Wc51:e result in water and 

air degradation, which in turn impa:::t both the aquatic and the terrestrial 

ec:csystems surrounding the:e o,:erations. 

In addition to theenormousWcSte produced by industrial cgriculture, 

this system requires major inputs of both energy and res:>ura:s. Water ure 

is more significant in the:esystems oo:aure it is often ured for clEEning the 

buildings and in theWcSte man~ntsystems. In addition, the industrial 

model utili:zesfred, which isgrown in monocultures, often faraway from the 

fa:::ility. Enormous quantities of both water and ,:etroleum-ba:ed pesticides 

may be ured in the production of this fre::I, IEEding not only to the depletion 

of water res:>ura:s, but aloo to ooil ercsion and pollution with pesticides. 

Pesticide residues may remain in the animal fred, leading to the pa:sibility of 

toxic residues in the food animals thern:elves. Fre::I crop monoculturesaloo 

contribute to la:s of biodiversity, c5 they are planted in pla::e of other plants 
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and/or animal habitats. 

Finally, but growing more ur~nt every day, industrial cgriculture may re 
a significant contributor to climate chan~, c5 the production of grrenhoure 

QcB:S from the:e faci I ities (both from the animals therrelves and from the 

da:::ompcsition of their Wc51:e) is significant. 

Taken t~ther, the:e data sugg:st that the pre:ent industrial model of 

farm animal production is not sustainable for the long term. The overureand 

degradation of natural re:oura:s may re too great to al low the current form 

of this production model to continue to re viable. The commi95ion requested 

that the authors of this report investigate thes:::ope of the:eenvironmental 

factors, to help gra:;p the breadth of the pcssible impacts of tlimp system. 

By rela:sing this tochnical report, the Commi95ion acknowledg:s that 

the author/authors fulfilled the ra:iuest of the Commi95ion on the topics 

reviewa::I. This report da:s not refloct the pcsition of the Commi95ion on 

the:e, or any other, iS5UES. The final report, and the ra:::ommendations 

included in it, repre:ents the conrensus pcsition of the Commi95ion. 

V 
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Industrial farm operationsadverrely impa::t all major environmental media, 

including water, ooil, and air. Key i$UES of concern for a:::olcgical and human 

health include the contamination of ground and surfa::e water res:>ura:s with 

nutrients, industrial and cgricultural chemicals, and microorganisnssuch 

c5 virUS:S, t:a:::teria, and palc5ites. Unsustainable ure of freshwater for fred 

production, animal care, and slaughterhoUS:S contributes to water s::arcity 

and is depleting procious res:>ura:s nreded by future ~nerations (Burkholder 

etal.,2007; Walkeretal.,2005). Contamination ofooil isanother pervasive 

problem caured by the unsustainable, year-round depcsition of ex<l:55 

nutrients, chemicals, and path~nson land in the vicinity of industrial 

freding operations. Poor air quality results from the localized relea:e of 

significant quantities of toxicQcB:Sand odoroussul::B1:ana:s, cSvvell c5 

particulates and bicrercrolscontaining a variety of microorganisnsand 

human path~. Adverrea:::olcgical outcomes includeex<J:55ive nutrient 

leading and euthrophication of surfa::e waters resulting in oxy~n-depleted 

c:163d zones in both inland and marinesurfa::e waters, rocurring algal blooms, 

fish kills, and a clocline in spa::ies populations and biodiversity. 

An array of adver.:e human ha31th effects have tegun to 
oo documented in conjunction with the rre of industrial 
farmanirral production (fap) (S3pkotaetal.,2007b; 
Donhanl et al.,2007). HEElth outcornesotrerved in 
farmworkersandexpO:Ed rural populatiorsincludean 
incrEE::Ed prevalence in ~ious respiratory disxs:s (up 
to 25% for workers in the swine industry) ( Heederick 
et al.,2007), ba::terial infoctiors that may oo resistant 
to antimicrobials, anda~ral decline in physical, 
mental, and SJCial v.ellooing, a; perceived by affected 
rural populatiors (Donhanl et al.,2007; Gilchrist et al., 
2007; Heedericketal.,2007). 

This paper explores the rn:gnitude and key 

In the pa;t few decades, American farming ha; 

undergone significant chang=s. T ocJaw4% of US food 
anirralsareooncentrated on onl'/)% of the remaining 
farrrs. ifap is designed to incrE!:l:E production yield 
and docrE!:l:E production casts by using high-efficiency 
pra::tires that rely heavily on eoonomie; of s:::ale a; v.ell 
a; on a standardization of proc::eB:S and end products 
(S3pkotaetal.,2007b). This model differs from 
traditional farming in both approach and s:::ale. The 
traditionally numerous but snail and independently 
owned and operated farrrs have largely ooen repla::ed 

determinantsofifap imp:ctson air, water, and S)il, and with a much more limited numoor of large fa::ilitie; for 
the resulting imp:cts on hurran h631th and eca;y.sterrs. growing food anirrals. The:E large farming operatiors 
To gain a proper understanding of the origin of now supply mast of themEEt and poultry products 
environmental and hurran ha31th jg;ue;surrounding for dome;tic consumption and for rrarketsaround 
modern anirral farming, it is important to define the world. i fap employs high-throughput farming 
current cgricultural farming pra::tiresand contra;t them of thoUS3nds of anirrals of a single breed for a single 
with traditional methods that evolved over the cour.:e of purpcre, such a; the large-s:::ale production of ho;:is, 
centurie; in the interplay oot\MJen farmers, their land, broiler chickers, turkeys, or dairy cattle, often in 
and the anirrals rared. confined lcx:ations under highly oontrolled conditiors 

using formulated foods in lieu of a:re:s to forcge. 
The:E fa::ilitie;are known a;anirral feeding operatiors 
(afos). According to the US Environmental Protection 1 
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Agency (EPA), an animal fredirg operation ~fo) isa 
lot or fa::ility (other than an aquatic animal production 
fa::ility) where the following conditions are met: (a) 

The shift in animal production toward this 
industrialized busine:smodel has important 
environmental and public health implicatiors. Today, 

animals have been, are, or will be stabled or confined more animal waste than ever before is produced by a 
and fed or maintained for a total off5 day.s or more in very limited number of la,w farms. The dispa:al of 
any 12-month period; and (b) crops, 'v'Egetation, forcge the:e unprecedented amounts of animal waste ~erated 
growth, or post-harvESt residues are not sustained in the in a few dis::rete locatiors pO:ES new and significant 
normal growing 93:S)n over any portion of the lot or challeng:s. Animal waste or manure, which traditionally 
fa::ility (USepa Compliance Asistance wetsite). has been regarded as a welcome source of nutrients for 

Concentrated animal freding operations~Fo s) soil improvement (often referred to as amendment), in 
are a sub-category, which previously was defined l::>a:Ed many CcB:S, has turned into a liability and a problematic 
on animal units, but now irstEEd is determined by the byproduct causing eccsystem degradation and public 
a::tual number of animals at the operationcafo scan 
be divided into small, medium, and large operatiors 
l::>a:Ed on the number of animals hm.red, as specified on 
the USepa Compliance Asistance website. Pre:ently, 
cows, hogs, and poultry, i.e., turkey.sand chickers, are 
the rna;t common food animals raffi:l ircafo sin the 
United States 

Industrialized farm animal production evolved 
from a change to a management structure, in which 
a corporation controls al I aspects of production 
from the ~lective breeding of yourg animals to the 
proce:sing of animal n163t into consumer products. 
This organizational structure is referred to as vertical 
integration (Economic RES:Erch ~rviaiUSDA, 
undated). A distinctive fa3ture is that rna;t or all 
management and economic responsibilities of animal 
production lie with companies known as integrators. 

The shift from traditional animal husbandry 
to ifap has occurred rapidly in the United States, 
mostly within the last five decades. It has transformed 
the structure of rural communities and impa::ted 
environmental quality and public hESlth in its wake. 
Today, fewer people are raising more food animals, 
and the traditional model of the~lf-employed farmer 
has shifted to that of a grower of animals, resporsible 
only for raisirg young animals to market weight using 
methods pres::ribed by entities external to the geographic 
location of the animal production sitet(sda /NPSS, 

2005). While growers may still own the land and 
structures~ for farming, they no longer own the 
animals and do not grow animal free! crops. This la:s 
of independence is o~t by the perceived benefits to 
farmers of obtaining price stability and a multi-'{63r 
contra::t (usda /ER>, undated). lnifap, growers 
typically perform contra::t work for the integrators, 
who provide young animals and the formulated feed. 
They also control the terms and conditions of animal 
production and ~t the compens3tion paid to the grO\/\er. 
Whereas it is the gro\/\er's resporsibility to carry out 
day-to-day operatiors, the integrators are irstrumental 
in determining and administering veterinary care and 
irspection, as well as in mancging animal removal 
from thegrO\/\er'ssite, mostly by using contra::t labor. 
Animals having ra:ched market weight are then 
taken to integrator-owned and -managed plants that, 
increasirgly, furnish rEEdy-to-~11 consumer produc1s for 
the retail market (Figure1). 

health concerrs in communitiessurroundingfap 
fa::ilities (Osterberg and Wallinga,2004 ). High-density 
confinement of animals hascrEEted indoor air pollution 
hazards for workers and significant point source; 
for outdoor air pollution (Mitloehner and S::henker, 
2007). Industrial animal farming pra::tia:salso hate 
promoted the ~ of non-traditional chemicals in 
cgriculture, including antimicrobials for disxre control, 
prophylaxis, and growth promotion, as well as hffivy 

metal-containing a~icals for control of parasitic 
disxs:s (Graham et al.,2007). The pre:ence of the:e 
non-traditional chemicals in animal waste pO:ES new 
challeng:s for appropriate management. Furthermore, 
the centralization of animal production fa::ilities 
has made American cgriculture more vulnerable to 
large-s::ale outbrEEks of food- and waterborne di9333:S, 
thereby adver.Ely impa::ting food S3fety and food 
~rity (Gilchrist et al.,2007). Finally, centralized 
n163t production and animal slaughtering hOUS:S have 
incrE!:f:Ed energy consumption, long-distance trarsport 
of cgricultural products, and the output of noxious gaxs 

suspected of contributing to air quality degradation, 
adver.E human h631th effects, and climate change 
phenomena (Heederik et al.2007). 
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Figure 1. conceptual diagram ii lustrating the integrated business model extant in the 
poultry and egg industry. Typically, integrators own and control al I aspects of production 
to the point of retai I sa I e (Source: USDA ERS AER-807) 
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In the United States, an estimated73,000 miles of national waterways 

are impa::ted by runoff from cgricultural ooura:s (Coo~~). Animal 

farming is estimated to ax:ount foffiO/o of ooil and rediment ercsio~7% 

of nationwide pesticide~% of antibiotic~, and more tha00% 

of the total nitr~ and phcsphorus leading to national drinking water 

res:>ura:s (Steinfeld et al.2006). 

There are three root caUS:S of environmental degradation frorilfiap: 

1 The lar~ volumes of animal WcSte produced; 

2 Lack of appropriate ma~nt and disposal of the:e materials; and 

3 Unsustainable water ~ and ooi I degradation a:ax:iated with feed 

production. 

Before the:E environmental ffiLIESare explored in grEEter 
detail, it is important to g:iin an appreciation for the 
s::ale ofifap operatiors in the United States and how 
extensively they have penetrated the national cgricultural 
9"Ctor. 

Contra::t production of mest irifap fa::ilities isa 
national phenomenon now dominating thecgricultural 
9"Ctor. ln1999, theifap busine:smodel alrEEdy 

antimicrobials that aro are ~ a; life.saving remedies 
in human medicine. u~ of the:E techniques hffiallowed 
for a doubling of broiler production fron1980 to1999 
(usda-nass undated [http://www.usda.gov/na£/ 
puts/trends/I iVEStockproduction.CS,t]) and ha; triggered 
a remarkable reduction in prices of broilers, now 
available for le:s than what wa;charged (in inflation
adjusted dollars) in the1950s (usda-ers undated). 
Ho\/\e\/er, thisS:Erningly fatorable cast comparison 
of mest fromi fap versus traditional farms does not 
a:x:ount for environmental and public ha31th casls. 

statistics for the hog industry show similar trends 
a:x:ounted for almast the entire broiler production, more of a sharp docrEE:E in the number of farms and a 
than 60% of the hog production and abou16% of the notable incrEE:E in theirsi2ES. lr2005, the United 
cattle output (Donham et al.;2007; US Government States produced more than103 million pigsat67,000 
Accountability Offic:e,2005). Today, eight years later, production fa::ilities (Jsda 2006a; 2006b ). Fa::ilities 
ils role certainly is even more pronounced. (Rela:re of housing tersof thoUS3ndsof pigsa:x:ounted for more 
updated information by thrusda is pending.) than half of the total US swine inventory, reflecting the 

The trend toward intersive, industrialized 
production of confined cattle, hogs, and poultry can be 

illustrated by the broiler industry. Figu~ shows the 
relative incrEE:E of very larg:i fap fa::ilities producing 
tersof thoUS3ndsof broilers per year. 

Over the cou~ of ~veral de::ades, milliors of 
US bockyard operatiors fa3turing small flocks of 
chickers often rai~ for the dual pur~ of egg and 
mest production have been repla::ed with le:s thafiO 
cgricultural firms that operate a; highly spocialized, 
vertically integrated busine33:Swith mast of the 
production coming from the top four integrato!SJ$da
nass undated [http://www.usda.gov/na£/pu'a3/ 
trends/broiler.htm];usoA-ers undated). 

increasing corsolidation and concentration of US swine 
production ~da 2006a). 

Statistics for theUS broiler and pork industry 
show today's animal production to be dominated by 
ifap pra::tices (Figure3). This trend ha; resulted in 

Hallmarks of new production techniquesare high
dersity fa::ilities in which25,000 to50,000 confined 
chickersare rais:d to market V\eight within a few 
wreks by automated feeding apparatUS:S dispensing 
a growth-optimized diet usually supplemented with 

the generation of large volumes of wa;tes in relatively 
confined geographical areas. For example, swine manure 
is typically stored in deep pilsor outdoor lcgoorsand 
then applied to cgricultural fieldsa;a natural fertili:zer. 
Ho\/\e\/er, runoff evenlsand percolation (i.e., water 
s:Jaking into the ground) of manure componenls, 
including ba::teria pathogenic to humarsa; \/\ell a; 
chemical contaminanls, have imp:cted surfa::e water 
and groundwater proximal to swine::afo s, thereby 
pa;ing ha31th risks to the environment and human 
populatiors (Anders:m and Sotey2()06; Campcgnolo 
et al., 2002; .bngbloed and Lenis,1998; Krap:c et al., 

2002; S3yah et al.,20C6; Thurston-Enriquez: et al., ,liuliHlil 
20C6; S:lpkota et al.,2007a). i 
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Figure 2. Between the 1940s and 1980s (A), the United States has experienced a notable 
shift toward a sma I I number of I arg er farms. This trend is exemp I ified by the broi I er 
industry, which has marked I y increased its meat output (8) whi I e reducing the number 
of farms, former I y spread across mu I tip I e states ~ ), to a sma I I number of I arg er faci I ities 
concentrated in a few southeastern and south-centra I states. (Sources: USDA- n ASS: 
http://www.usda.gov/nass/pubs/trends /farmnumbers.htm, and Paudel and McIntosh, 
200i) (Source: census of Agriculture) 
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By any estimate, the total amount of farm animal waste 
produced annually in the United States is substantial. 
In its report for the yeat2001, the usda estimated the 
output of manure from farm animals a920 ,000 US 
short tors of dry matter per daytQSda ars 2002). This 
translates to grEEter tharillO mi Ilion metric tors of 
dry rna:s or more than660 billion pounds per year. Of 
this rra:s, 86% (783,000 tors per day) was projected to 
stem from animals held in confinement. In contrast, the 
American Society of Agricultural Engineers provides a 
higher estimate 01540 million metric tors of dry weight 
excreta per annum (American Society of Agricultural 
Engineers, 2005). Lo\/\er estimates of133 million tors 
of manure per year on a dry weight bffiisalso have 
been reported recently in the peer-revi€\/\0:l literature 
using information contained inusda online databa:Es 
(Burkholder et al.,2007). Reporting the volume of 
excreta t:a:Ed on the lifespan of the food animal results 
cy3in in a different ~t of data. Regardle:sof the exact 
amount generated, farm animal waste exceeds human 
S311itary waste production by at least one order of 
rn:gnitude (Burkholder et al .,2007). Yet in comparis:m 
to the lerer amount of human waste, the mancgement 
and dispa:al of animal wastes are poorly regulated. This 
lack of protection may have been without co~uence 
in traditional cgriculture, t:a:a..reanimal wastes 
produced by traditional animal husl::andry methods 
in rural locatiors did not usually pre:ent risks to 
local communities that relied on eca;y.stem ~ice; 
for attenuating pathogens and al:mrbing or diluting 
nutrients. However, similar to large human ~ttlernents, 
improper mancgement of feces fronifap facilities can 
and does overwhelm natural clESrsing proc::eB:S. 

IFAP, as practiced today, is more re:ource intensive than 
the traditional practice; of raising food animals (e.g., 
cows grazing on pastures), exhausting and eroding 
soils, and requiring disproportionately large inputs of 
fO:Eil fuel, industrial fertili:zers, and other synthetic 
chemicals, as well as substantial amounts of water, often 
withdraNn at ursustainable rates from scarce freshwater 
re:oura=s. Wheress the ratio of fO:Eil fuel energy inputs 
per food unit produced avercge:il:1 calories for all US 
cgricultural products combined, it issubstantially higher 
for industrially produced mESt products. With a ratio as 
high as3:i:1, beef produced in feedlots has a particularly 
unfavorable energy l::alance (Horrigan et al .2002; tlle::E 
estimates exclude additional energy inputs for food 
proce:Eing and distribution). 

I ncrEl:l:Ed industrial animal production (Figures 
2and3) impliesan incra:re in the amount of 
nutrients and chemicals rel€13:Ed to the environment. 
Approximately21.3 mi Ilion tons of nutrients have been 
applied in cgriculture63Ch year over the past three 
decades, with nitrogen and phosphorus contributing 
11.4 and4.6 million tors63Ch, respectivelyl(Jsda 
Economic Re333rch ~rvice,2007; potash a:x:ounts 
for the balance of the total). Pesticide inputs to the 
US environment from industrial mESt production also 
are considerable (steinfeld et al.2006 ). Numbers 
available for the time period oQ000-2001 show the 
annual total pesticide~ in the United States at 
about 700 million pounds of active ingredient77% 
of which is applied in cgriculture, with about half of 
thisrna:sgoing to farmland~ for the production of 
grain fed to industrial farm animals (Kiely et al.2004; 
steinfeld et al.,2006 ). Corn and soyb63rs, which now 
are replacing traditionally~ gra:l5ascattle feed, 
largely are produced in crop monocultures maintained 
on cgricultural land that in many instances is irrig3ted 
using groundwater from aquifers wha:e natural recharge 
rates are outpa::ed by this int~, ursustainable ~ 
(Horrig3n et al.,2002). 
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Figure 3. The number of US farm anima Is raised in independent production has dee I ined 
at the expense of contract meat production, as i I I ustrated by statistics for broi I ers (A) 
and hogs (B) (Source: Economic Research Service /USDA, undated) 
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The model of contra::t rrffit production now 
dominating the US rrarket has physically 9:µ3rated 
key decision rrakers and rrany employee; from the 
locality of anirral farming operatiors, a development 
that has resulted in a la:s of a:rountability and land 
ste\/\0rdship a; v.ell a; a degradation of the quality of 
life in rural communities harboringifap fa::ilities 
(Horrigan et al.,2002; Donham et al.,2007 ). Adver.:E 
impa:;ts hate been documented in the area; of economic 
hffilth, phy.sical hESlth, mental hESlth, and social hESlth, 
thereby cresting an environmental justice jg;ue for rural 
communities (Donham et al.,2007). Reports have 

documented aBJCiatiors retwrenifap fa::ilities in rural 
communities and incra33:S in ~If-reported respiratory 
disxs:s including a;thrra and bronchitis; impaired 
mental hESlth including depre:Eion; anxiety and pa;t
traurratic stre:s drorder; hara:cment of outspoken 
community memrers; and a ~ral perception by 
local residents of societal neglect (Dasrran et al,2004; 
Thu et al.,1997; Bullers,2005; Schiffman et al.,1995). 
Documented impa:;ts ofi fap include a relative decline 
in retail purchaxsmade locally, more hired farmhands 
versus~lf-ernployed small-a::ra:ge farmers, dee~ 
tax revenue, degradation of the community fabric, and a 
decline in land and property values (Gold:chmidt1978; 
Thu, 1900; Wright et al.,2001 ). 

11 
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Swine, !:ref, and poultr)4FAP fa:::ilitiesare thes:>urce of an array of chemical 

and biological pollutants (S:E Figu~) digjiar~ to air, water, and roil, where 

they have l::ren oll:erva:I to caurea:::ological effoctsand di3:B:e3 in expa:aj 

individuals (Thorne,2007; Hre::lerik et al.,2007; Gilchrist et al.,2007). In 

the following, contaminant loading to all three major environmental ma::lia is 

di~ toempha,i:ze that the chemical and biological ~ntsemitted from 

IFAP fa:::ilitiesocrur in multipleenvironmental ma::liaand migratebetvvren 

them. Thereafter, key determinants of this pollution are explored in grEEter 

detail to identify opportunities for intervention and amelioration. Finally, the 

important role of dietary choia:sand their impa:::t on environmental quality 

isdi~. 

IFAP operatiorscan imp,d the water environment TheS)il environment isstrES:Ed a;a result of both 
by depleting limited freshwaterS)urcesand by the monoculture methods employed for producing 
contaminating surrounding surfa::e and groundwater, S)y and corn for anirral feeds, and the dispa,31 of 
two phenomena mast frequently ol::rerved in arid regiors anirral wa;te; (Horrig:m et al.,2002; Walker et al., 
and in floodplairs, respoctively (Burkholder et al1997; 2005). Feed production in cgricultural monoculture; 
Mallin et al., 1997, 2000 ). Contamination of water require;extersiveapplication of pe;ticide;and other 
re:ourc:e; occurs either directly, via intentional disj)arge cgrichemicals, a; well a; irrigation, which, if not 
of insufficiently trEEted liquid wa;te, or indirectly, via properly rrancged, can promote erosion and degrade 

infiltration of contaminants into groundwater from terre;trial and aquatic e::a;y.sterrs (Park and Egbert, 
unlined wa;te lcgoors, a; runoff from locatiors where 2005). AlrEEdy, a significant arEE of US land is affected 
S)lid wa;te is stored or ha; been dispcm:l of, and from by hEsvy era;ion, driven prirrarily by cgricultural t.re, 

the deposition of airborre contaminants onto surfa::e including the production of feed crop:; for food anirrals 
waters (Burkholder et al.2007). (Figure5). 

Ai rborre contani nant emmors arre from both 
ventilation and pa:oive rekxre. The:E emiffiiors can 
include toxic g33:5and particulate; (Bunton et al., 
2007; Heederick et al.,2007). Decomposing anirral 
excreta produce and rekxre a complex mixture of dust 
particle;, l::a::teria, endotoxirs, and volatile org:mic 
compounds, a; well a; hydrog:m sulfide, ammonia, and 
other odoroussut:stanc:e; (Bunton et al.2()07). An 
aBJCiation retw:en ha31th problerrsandairemmors 
ha; been reported in the literature. Somefap emiffiiors 
such a; ammonia can travel reyond the immediate 
cafo location, thereby causing unwanted effects at the 
regional level (Anejaet al.2003). 

Equally important, anirral wa;te; fromlFAP are 
dispcm:l of on cgricultural land oftentime; yesr-round 
and without a suitable nutrient rrancgement plan. The 
latter pra::tice results in over-fertilization of theS)ils, 
toxic runoff, and lea::hing of contaminants, which then 
pa:e additional risks to adja::ent water environments and 
also may impa:;t drinking water S)Urces (Burkholder et 
al., 2007). While federal regulatiors recently have been 
revi9"d (http:/ /www.epa.gov/guide/cafo/), a la::k of 
federal oversight and enforc:errent by state governments 
isa longstanding and continuing problem, a;concluded 
by the US Government Accountability Office 
(USgao, 2005). 

Nore of the above i$UESare truly unique to 
industriali:zed farming, S) why is it thatifap plays such 
a critical role in the mcgnitude and ~ity of thee 
proce:a:s and outcom:s? Taking a historical vie.tv can re 
irstructive. Many traditional anirral farming methods, 
which evolved over more thanl0,000 yesrs, have proved 
to re sustainable recat.re they strike a l::alance retw:en 
cgricultural inputs and outputs a; well a; the need to ~1111~1111~1111 

pre:ervee::a;y.sterrs (one notable exception reing slffih- Ill 13 

ED_001369_00043779-00117 



14 

and-burn cgriculture, which is still practiced around 
the world despite its~re impacts on environmental 
and human heslth ). In contra;t, industrial qJriculture 
and particularlyifap are relatively recent phenomena, 
dating back le:s than half a century. The rapid arent 
of i fap is driving the mcgnitude and importance of the 
key determinants of environmental and human heslth 
impacts dis::us:Ed hereafter. 

US meat production isat an all-time high and projected 
to incra::re to the yesr2016 and beyond ~a 2007). 
The broiler industry, which ha; been converted almost 
entirely to industrial farm practices, exemplifies this 
trend (Figure6). The incl'W:E in US meat consumption 
and in other area; of the world is due to multiple factors, 
including higher production capacities resulting from 
i fap, a growing world population, growing exports, 
and a trend toward a Western diet high in animal 

lliL 

protein (Horrigan et al.,2002). A contributing major, 
but frequently overlooked, factor of incl'W:Ed meat 
consumption is artificially low retail prices resulting 
from government qJricultural subsidies as well as the 
exclusion of external costs, i.e., costs resulting from 
current busine:is practices that are excluded from the 
price of food (Walker et al.2()05); specifically, tlle:E 
external costs include thead~environmental and 
human heslth impacts triggered by the rela:re of 
insufficiently treated qJricultural waste. The incl'W:Ed 
production of food animals has triggered an incra::re in 
feed crop production. T oday;l6% of the grain produced 
in the US is fed to liVEStock (World Re:ource Institute, 
2000 ). This simultaneous incl'W:E in feed and meat 
production ha;caLreC! additional ecological impacts, 
including the need for dispos31 of incre:esing amounts 
of animal wastes. There wastes are produced in highly 
concentrated area; that have insufficient crop fertili:zer 
needs to al:mrb the rna:sive burden of nutrients and 
contaminants that are continuously generated. 

Figure 4. Source-to-effect diagram ii lustrating the role of IFAP facilities as a source of 
hazardous agents whose emission adverse I y impacts the environmenta I qua I ity of air, 
water, and soi I, and creates conditions for bio I og ica I exposure and unwanted hea I th 
outcomes in affected anima I and human popu I at ions (Voe s, vo I ati I e organic compounds; 
figure adapted from Walker et al., 20(1) 

Swine 

Broilers 

Laying Hens 

Turkeys 

Beef Cattle 

Dairy Cattle 

Aquaculture 

., 
Pathogens 

Antibiotics 

Resistant Pathogens 

voes 

Gases /Odors 

Dust 

Heavy Metals 

Nutrients 

., 
Water 

Air 

Soil 

Crops 

Meat /Egg Products 

Water 

Air 

Soil 

., Respiratory 

Inhalation GI 

Ingestion Mental 

Dermal /Direct Dermal 

Contact Immunological 

Secondary 

Plants 

Animals 

Microbes 

Occupational 

Community 

,,6" 

Nutrient Loading 

Algal Blooms 

Fish Kills 

Transfer of 
Resistance 

ED_001369_00043779-00118 



lliL 

Figure i. Map of the United States showing the rate of soi I loss due to sheet and ri 11 
erosion resu I ting, in part, from the ag ricu I tura I production of corn and other feed crops 
used in IFAP. Shown is the average va I ue of soi I erosion in units of pounds per acre 
ca I cu I ated according to the Universa I Soi I dss Equation (US IE) for cu I tivated crop I and 
and pasture I and (Taken from Ke I I og g, 2000) 
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Chief cmong theecolq::iical concerns reg3rding current 
rnana;:iernent pra::tic:e; of anirral vva;tesare exce:s 
nutrients, including nitrq::ien and phosphorus. The:E 
elerrents control the fertility of S)i Is and aquatic 
environments. Another important paraneter is the 
so-called biochemical o~ demand oibod, a lump 

zones in rrarine waters of the Gulf of Mexico (Figure 
8). It is important to note that this phenomenon is 
driven not only by the land application ofafo vva;te 
but also by an incre3:Ed reliance on fertili:zer Lred for 
the production of grain fed to anirrals held in distant 
cafos. 

The resultant incre3:Ed incidence of hypoxia, or 
la::k of oxygen (Figuref)), is responsible for mESive fish 

rnEffil.lre of organic and inorganic substance; that resdi ly kills. This phenomenon is a direct result of exce:sive t.re 

undergo rerobic microbial metabolisn. As discl.e:Ed of fertili:zers and improper dispa;al of anirral vva;tes in 
later in grEEter detail, excemod originating fromifap cgriculture. 
fa::ilitiescan cat.re dangerous drops in djg;olved o~ N itratealso isa key drinking water contaminant, 
levels in surfa::e waters, a condition thrEEtening the regulated underepa 'sS3fe Drinking Water Act 
survival of most aquatic life. at a level of10 mg per liter as nitrq::ien ,o mg/L 

N itrq::ien-containing pollutants, principally N03·-N ). Exposure to nitrate of infants under six 
ammonium, nitrate and nitrite, pa:e both ecolq::iical months of qJe can result in blue l::aby syndrome or 
and hurran heslth thrEEts. Constituents of anirral vva;te methemq::ilobinemia, a potentially d63dly condition 
applied on fields for feed crop production frequently find triggered via the conversion of ingested nitrate (NI;:} 
their way intosurfa::ewatersasa result of IEB::hing and to toxic nitrite (Nq-) by commensal microorganisms 
surfa::e runoff (Burkholder et al.;2007). N itrq::ien in within the hurran digestive tra::t (Ward et al.2005). 
anirral vva;te, pre:rot largely as ammonium, is quickly Adults also can be affected by nitrate-contaminated 
converted by microorganisms to nitrate in rerobic drinking water. Documented outcomes of human 
conditions. Nitrate is highlyS)luble and hence moVES exposure to nitrates in drinking water are cancer and 
with water into rivers or groundwater. The problem is non-cancer disxa:s, including hyperthyroidism, 
that nitrq::ien (as nitrate or ammonia) repre:rots the insulin-dependent diabetes, and incre3:Ed risk of ad~ 
limiting nutrient in rrarineand estuarine environments. reproductive outcomes and neurodevelopmental defects. 
Asa result, an incre3:Ed loading of nitrq::ien-containing A recent review of public heslth i5uES related td'ap 
compounds to surfa::e waters can dramatically change sumrrarizes the controversial m.ie of ha31th outcomes 
the:E downstrEEm coastal ecosystems. Dis::harge of from nitrate exposure (Burkholder et al.2()07). 
exce:s nitrq::ien into strEEmSand rivers, such as the 
Missisippi River and its tributaries (FigurE1), also 
is known to contribute to both eutrophication in 
freshwater as \/\ell as annually recurring large d63d 

lliL 

Phosphorus is another rrajor water contaminant that 
can originate fromcafo s. Similar to nitrq::ien in rrarine 
and coastal environments, phosphorus is the limiting 
nutrient for the productivity of freshwater environments. 

Figure 7. Fertilizers, whose use has increased six-fold since the 19iOs, represent a major 
source of nitrogen (purp I e trend I ine) annua 11 y re I eased in the Mississippi Basin (Taken from 
goolsby and Battag lin, 2000) 
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Figure 8. Excess nutrients flushed from agricultural soils into the Mississippi Delta create 
annually recurring dead zones in the gilf of Mexico (Source: no AA: www.noaanews.noaa. 
gov/stories/s2004.htm) 
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Figure 9. Hypoxic conditions in the gulf of Mexico have increased from 198i to 2002 
(Source: US EPA: www.epa.gov/indicate/roe/htm I /roeWaterW2.htm) 
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Note: Hypoxia in the Gulf is defined as less 
than 2.0 parts per million (ppm). 

Annual midsummer cruises have been 
conducted systematically over the past 15 
years (with the exception of 1989). Hypoxia 
in bottom waters covered an average of 
8,000-9,000 km 2 in 1985--92 but increased 

to 16,000-20,000 km 2 in 1993-99. 

Source: For 1985--1999 data years: 
Rabalais, Nancy N. et al. Characterization 
of Hypoxia: Topic 1 Report for the 
Integrated Assessment on Hypoxia in the 
Gulf of Mexico. May 1999, updated July 
2000; for 2000-2002 data years: Rabalais, 
Nancy N., Lousiana Universities Marine 
Consortium. Unpublished data, personal 
communication. February 11, 2003. 
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Agricultural fertilizers employed in fred crop production Asstated in the nutrient overvievv, biochemical 

and anirral wa;te; from livestock oi:erationscontain oxy~ demand pod) is another important parameter 

lar~ quantitie; of pha;phorus, mostly in the form clcrely related to the i$UES of exc:e:s nutrient burden. It 

of inorganic pha;phate (P(l). Dispa:al, 16:Ching, is a simple measure of the amount of o~ required to 

and runoff of cgricultural pha;phorus compounds rerobically di~t compostable rratter (mostly organics) 

into freshwater re:nurces form the principal care for in a given i:eriod of time, typicall',5 day:;. Sivine wa;te 

eutrophication of USsurfa::.e freshwaters. Eutrophication slurrie;exhibit abod of20,000 to30,000 mg i:er liter 

is known to spaivn exc:e:sive aquatic productivity and the (Webb and Archer ,1994 ), which is about75 time; and 

development of recurring toxic algal blooms (Schindler, EOO time; more concentrated, respoctively, than raN 

1990) (Figure10). ~and trested effluent dis::harged by theavercge 

The burden of nitr~ and pha;phorus from 

anirral wa;te is considerable. Asshown in Tablt, the 

e;tirrated inventory 019.6 billion food anirrals in the 

United State;excrete;a combined total dD.2 million 

metric tons of nitr~ ancffil,000 tons of pha;phorus. 

Deposition of the:E rraterialson cgricultural soils 

vulnerable to runoff and 16::Ching creste;environmental 

and hurran ha31th risks (Figure2). 

lliL 

municipal wa;tewater trestment fa::ility in the United 

State;. The contribution of raN or rrarginally trested 

anirral rranure to surfa::.e waters ha; been implicated 

with deprered o~ levelsand fish kills, particularly 

during storm events. Manyi fap fa::il itie; are sus:::eptible 

to extreme IM33ther events becaLre they have been sited 

in flood plains, a pra::tice that, albeit in a:x:ordance with 

existing regulations, is cresting significant problems. 

Figure 10. nutrient-rich freshwater (bottom of picture) is subject to eutrophication and 
a I ga I b I ooms, a condition of excessive aquatic photosynthetic activity that frequent I y is 
fo I I owed by severe dep I et ion of disso I ved oxygen, thereby resu I ting in fish ki I Is (Source: 
http:/ /www.umanitoba.ca /institutes /fisheries /eutro.htm I) 
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Figure 11. Map of the United States showing areas identified for the year 1997 as being 
vulnerable to runoff (A) and leaching (8) of manure nitrogen (Taken from Kellogg et al., 2000) 
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Table 1. Estimated manure and nutrient mass produced in the United States and excreted by food animals. Average 

amounts of manure and nutrients are reported as either kg per finished anima I (k9f.a.) or kg per day per anima I (kg::1-a). 

Major US Animal Welfare Standards (Source: Mench et al., 2008) 

Animal type number Avg. amount 
of animals of nitrogen 

in 200 t per finished 
animal 

(kg/f.a.) 

Poultry 
Broilers 8,870,000,000 0.53 

Turkeys 264,874,000 
Females 132,437,000 0.26 
Males 132,437,000 0.55 

layers 343,501 ,000 0.0016 

Beef- 101,400,500 25 
finishing 
catt I et 

Swine 
Nursery pig 19,988,000 0.41 
(<401bs) 
Grow-finish 40,188,000 4.7 

Dairy cows 9,041,000 .45 
(lactating) 

Total 9,648,992,500 

'Average US cattle herd between January 1, 2006 and July 1, 2006 

An important but s::xnewhat lcxrely defined group 
of chemicals found in animal wa;teareendocrine 
disrupting compounds oredc s. They can occur as 
natural constituents of animal excreta or repre:rot 
drugs added to the feed of certain food animals, such 
as !::ref cattle. They are of both organic and inorganic 
nature and share the ability to interfere with hormonal 
signaling in animals and humans, thereby p<m:'5ing 
the potential for causing adver.:E heslth effects in the 
expO:Ed organism or its progeny (EuropEEn Union, 
2007). edcscan mimic the function of estrogenic 
or androgenic hormones, or they can interfere with 
hormone receptors to alter the outcorre of internal 
signaling events. A major concern oedc sis that S)rTle 

may display a::tivity at very low concentrations in the 
p:1rts-per-trillion or nanogra11-per-liter range (Porter et 
al., 1999). Exanplesofedcs in animal vvastes include 
steroidsand poesiblyars3nic in theformofar93nate(Liu 
et al.,2006 ). Endocrine-disrupting steroids include the 
natural estrogens17alpha-estradiol, 17beta-estradiol, 
estrone, and estriol; all are common constituents of 
farm animal wa;te (S3rmah et al.,2006b). Figure12 
illustrates the transport of estrone from hog wa;te into 
groundwater. 

Another indirect but important s:>urce otocs from 
ifap fa:ilities is the l.193 of pesticides for production of 
crops grown asanimal feed. Pesticides that hate l::ren 
implicated with endocrine disruption are nurrerous 
and includeala:hlor and atrazine, the latter being 

Average Total dry wt. Total 
amount of of manure nitrogen 

phosphorus per finished per animal 
per finished animal (kg/ type (Mgi) 
animal (kg/ f.a.) 

f.a.) 

0.016 1.274 4,701,100 

0.074 4.42 34,434 
0.16 9.36 72,840 

0.00048 0.022 200,605 

3.3 360 2,535,013 

0.06 4.8 8,195 

0.76 56 188,884 

0.078 8.84 1,484,984 

9,226,054 

'Mg or one metric ton equals 1,000 Kg 

applied extensively in the production of corn and other 
feed crops. Atrazine, which is regulated under the S3fe 
Drinking Water Act $dwa), hasendocrine-disrupting 
a::tivity in fish and amphibia (Frrerran et al.2005; 
Hayes et al.,2002, 2006; Thomas and Daughty,2004 ). 
Environmental transformation products of atrazine 
and ala::hlor are als:> toxic and have l::ren included on 
ei:a'scurrent chemical Contaminant Candidate List 
(cc I ) (usei:a, 2005). Chemicals on theccl are under 
consideration for regulation by thsdwa . 

1 FAP operations can crEEte water stre:s in a number of 
ways. The production of animal protein requirelOO 
times more water than for vegetable protein (Pimentel 
and Pirrentel,1996). Forexanple, it take3,EOO liters 
of water to prodUCE!I kg of grain-fed broiler chicken 
(Pimentel et al.,1997). Therefore, siting otafo sin 
arid or S3111i-arid regions or in any arEE with water supply 
limitations is problematic due to the limited amount 

Total 
phosphorus 

per animal 
type (Mgi) 

141,920 

9,800 
21,190 

60,181 

334,622 

1,359 

30,543 

257,397 

857,013 

of water available and thesul::stantial quantities needed 
for i fap. Eighty-even percent of fresiwater withdravvn 
in the United States fromsurfa:eand groundwater 
res:>ura:s is US3d in agriculture (Pirrentel et al~997). 
Agriculture withdraA,S water from rivers and fresiwater 
aquifers for irrigation of farmland US3d in feed crop 
production. This pra::tice reduces the availability of 

water for rip:1rian water l.19315 downstreem and, in S)rTle ~.u.u.1 
locations, has resulted in unsustainable water l.193 and 

Total dry wt. 
of manure 
per animal 
type (Mgi) 

11,300,380 

585,372 
1,239,610 

2,758,313 

36,504,180 

95,942 

2,250,528 

29,171,691 

83,906,016 
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Figure 12. Map of a farm site, i 11 ustrating the movement of estrone, a natura I hormone 
and potentia I endocrine-disrupting contaminant, from a hog waste I a goon into under I ying 
groundwater (Source: Data by Hutchins et a I., contained in a presentation by Mi I ls, 2007) 
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a dramatic decline in the groundwater table in S)fT1e 

locatiors. For exanple, the large Ogallala Aquifer, 
which underlies parts of Nebraska, Kans35, Colorado, 
Oklahorra, New Mexico, and Texas, is~verelystre:red 
by overwithdrawal and has been depleted by half, with 
water levels dropping at a rate of meter per year (Soule 
and Piper,1992; McMictrel, 1993) (Figure13). 

Pesticides and fertili:zersapplied to farmland aro 
degrade the quality of surfa::e and groundwater not 
~ directly by farming operatiors. Animal husl::andry 
requiresadditional water and is more demanding for 
i fap, where water consumption per animal can excred 
that of traditional animal raising pra::tia=s by up to a 
fa::tor of five (Chap:gain and Hoekstra2()03). 

Finally, pollution from animal 11\ffite dispos31 
further reduce; the availability of safe drinking water 
and impairs environmental and ecological hEElth 
(Burkholder et al.,2007); epa's2000 national water 
quality inventory identifiesagricultureas the 163ding 
~ for water quality impairment in rivers, strears, 
lakes, and reervoi rs ~ , 2002 ). 

c: I imate. 

Greenho~ gasemissiors from livestock operatiors 
are significant. At18% on a glol::01 s:::ale, they even 
excred the emissions~ by the trarsportation ~tor 
(Steinfeld et al.,2006). Greenho~gae:s, primarily 
methane, carbon dioxide, and nitrous oxide, are given 
off by the animals during the digestion proces in the 
gut. Additional emissiors result from degradation 

0 

proc::eB:S occurring in uncovered 11\ffite lagoons and 
anrerobic digesters. Deforestation for feed grain crops 
repre:entsa major S)Urce of greenho~ gas emision. 
More detailed information on this isue is provided later 
in the paragraph on air emissions. Emision control 
S)lutionsare now being examined by thepa along with 
potential opportunities for carbon credits and credit 
trading (~,2006). North Carolina hasaro recently 
pi3:EEd legislation that~tsstrong performancestandarc!s 
for permi1s for new hog:lfo s with substantial reductions 
required in emissions of ammonia, odors, and pathogers 
(General k:rembly of North Carolina,2007). 

Antibiotics and related antimicrobial compounds are 
widely administered for animal h631th and management 
and are ~ to treat dis:B:es, promote growth, and 
improve feed efficiency (S3rmah et al.~a). Many 
antimicrobials~ in theanimal food-producing 
industry are provided in the feed throughout the 
lifetime. Much of this intake, be~ and 90% 
of the initial da:e, is being excreted. Therefore, 
antimicrobialsapplied in farming operations can and 
do find their way into the re:::eiving environment, where 
they can be pre:ent either as the parent compound or 
asa metabolite (S3rmah et al.,2006a). Once in the 
environment, their effica::y and persistence depends on 
their physio-chemical properties, prewiling climatic 
conditions, and S)il types and variety, as well as other 
environmental fa::tors. In many instance;, thee 
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Figure 13. The ogal I ala aquifer, at 174,000 square miles representing one of the largest 
aquifers in the world, has experienced substantial drops in water levels in many regions 
as a result of unsustainable agricultural water use (Source: U§S image downloadable at: 
http:/ /water.usgs.gov/gfS/browse /ofr99-197_w lc80_9i .gif) 
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excreted antibiotics are not efficiently degraded, and 
the resulting residues can promote both maintenance 
and development of antibiotic-resistant microbial 
populations. Thus, cyclic application of manure on the 
S:me location may result in thecontinuousexpa;ureof 
S)il microb:s to antibiotic residues, thereby fostering 
the potential development of drug-resistant microbial 
populations. Rela:re of antimicrobials contained in 
manure alS) can have additional deleterious effec1s on 
aquatic life and human hffilth, e:sra::ially if the residues 
are transported by surfa::e runoff or lea::hing through 
S)i I and rea::h 1163rby rivers or lakes (S3rrrah et al., 
2006a). 

The Union of Concerned Scientis1sestimates 
that 10.3, 105, and 3.7 million pounds of antibiotics 
are Lred annually in the United States, respectively, 
in swine, poultry, and cattle production for non
therapeutic purpa:e;such as promoting growth and 
improving feed efficiency (Mellon et al.2001 ). The:e 
antibiotics are theS:me, or in theS:me fanlily of, drugs 

lliL 

that are Lred in human clinical medicine and include 
tetra::ycline, erythromycin, lincomycin, virginiamycin, 
and ampicillin, to name a few (da, 2004 ). The Animal 
HEEi th Institute ~hi ) i5Ued a pre:s rela:re irQOOO on 
antimicrobial production ba:Ed on c:1998 survey of ah i 
members. Although the al::rence of detai I in terrrs of 
methodology hampers interpretation~hi reported17.8 
million pounds of antimicrobial production, apparently 
for all animal US:S, therapeutic and non-therapeutic. Of 
the17.8 million pounds,14.7 million were attributed to 
therapeutic t.reand disxre prevention, an~.1 million 
pounds \/'vere attributed to growth promotion ( Mellon 
et al.,2001 ). 

Veterinary antibiotics can enter terrestrial and 
aquatic environments through spilled or excreted feed 
additiVES, overland flow runoff, unsaturated zone 
transport from fields to which cgricultural waste has 

been applied, and 1631<:y waste-storcge structures (Figure 
14) (S3rrrah et al.,2006a). 

Figure 14. Anticipated exposure pathways for veterinary antibiotics in the environment 
(Source: Sarmah et a I., 200i a) 

"Uf" 
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The pra::tice of administerirg non-therai:eutic levels 
of antimicrobials in SNine feed ~lects for antibiotic 
resistance among comrnens3I and pathogenic bacteria 
in SNine (Aarestrup et al.,2000; ~r et al.,1997; 
Wegener,2003), resulting in high prevalence of resistant 
bacteria and resistance gene; in SNi ne wa;te ( Chee
S:mford et al.,2001; Haack and Andrevvs,2000; 
Parveen et al.,2006; Koikeet al.,2007). Monitorirg 
resultsshowed1.6 x 107 (16,000,000) colony forming 
units (cfu )/ml of total tetra::ycline-resistant bacteria 
and 2.1 x 105 (210,000) cfu /ml of tetra::ycline-resistant 
enterax:rxi in SNine waste ( Haack and Andrevvs,2000 ). 
Another study determined resistance to at l635t one 
antibiotic inffi% of Es:ieridiia ro/iisolate; recovered 
from aSNine lcgoon (Parveen et al.2006). Other 
rES:Erchers detected up to eight known tetra::ycline 

More than8 billion broiler chickens are produced 
annually in the United State; (lsda-nass, 2004 ). 
For the purp03:5 of promoting growth and improving 
feed efficiency, broilers are fed non-therai:eutic levels of 
antimicrobials, including a~ic, which is usually in 
the form of the organoa~ical compound roxa!S)ne 
( Chapman and .bhnson,2002; National RES:Erch 
Council, 1999). Roxa!S)ne isadded to poultry feed 
at concentrations ranging frorr22.7 to45.4 g/ton 
(Mellon et al.,2001 ). Approximately70% of the US 
broiler industry utili2ES roxa!S)ne (Chapman and 
Johnson,2002) and rES:Erchers have calculated that 
9 x 105 kg of roxa!S)ne is excreted in poultry litter 
€!:Ch '{63r (Garbarino et al.,2003). Once roxa!S)ne is 
excreted, it degrades into metabolite;such asat:Enite 
(As111

) and at:Enate (M) (Bednar et al.,2003). Since 
resistance genes in totaldna extra::ted from SNine thee inorganic metabolite;are cla:Eified as human 
lcgoon S3mple; (Chee-S:mford et al.2001). In the carcinogens, rES:Erchers have t:Egun to inVESti93te the 
s;rnestudy, a broad range of tetra::ycline resistance fate of ~ic in poultry ITTEt, poultry litter, soil, and 
determinants were found in groundwater S:mple; water (Chapman and .bhnson,2002; Garbarino et al., 
collected downstrean of SNine lcgoons. One study also 2003; Han et al.,2004; Lasky et al.,2004; Rutherford 
detected higher percentcge; of antibiotic-resistar.E ro/i et al., 2003 ). Memwhile, some large producers of animal 
in groundwater collected in the vicinity of large-s:::ale products have announced a cexation of the~ of 
SNine facilitie; versus groundwater collected at reference a~icals, a commendable but voluntary and therefore 
site; (Ande!S)n and Sotrey2Q06 ). In another study, 635ily reversible action. 
80 .6% ofE. ro/ i isolate; collected from surface waters 
located nESr SNine and other liVEStock facilitie; were 
found to be resistant to at least one antibiotic (S3yah 
et al.,2005). 

The pre:ence of SNine-a:a:x:iated resistant bacteria 
in rural surface water and groundwater source; is 
important to human hESlth ~exposure to thee 
source; could enable the transfer of resistant bacteria 
from SNine to humans, thereby contributirg to the 
spr63d and persistence of antibiotic resistance. However, 
there are fewstudie; in the peer-reviewed literature 
regarding the pre:ence of antibiotic-resistant bacteria 
in surface waters and groundwater from the vicinity of 
SNine cafo s (Chee-S:mford et al.,2001; AncielS)n and 
Sotrey,2006; S3yah et al.,2005; S3pkota et al.,2007a). 
Moreover, there are few data avai !able comparing 
concentrations of fecal indicators in groundwater 
and surface waters impacted by SNine:afo s versus 
unaffected waters. 

The widESprEEd pra::tice of using sub-therapeutic 
d03:S of antimicrobials to promote growth and improve 
feed efficiency has become one of the most controversial 
pra::tia=s in cafo mancgerrent. Recent studie; have 
shown that antibiotic compounds administered to 
food-producing animalssub:Equently can be detected in 
liquid and solid manure otafo s. Upon application of 
thee materials to fields, residue;can persist in the soil 
and may be transported to surface and groundwater, as 

The production of food hasalway.s involved 
microbiological risks, which have been well recogni:zed 
by farmers, government, industry, and other 
stakeholders. Microbiological ffiLIES in food S3fety are 
not unique toifap. However, thescaleand methods 
of i fap can both contribute to and prevent pathogen 
contamination of consumer food products. In particular, 
zoonotic (animal to human) transmi$ion can be 
exa::erbated by currenti fap pra::tia=s. All ~ments of 
liVEStock production potentially contribute to zoonotic 
disxf:e, including manure handling pra::tia=s, ITTEt 
proce:Eing, transportation of liVEStock, and animal 
rendering (Gilchrist et al.,2007). The 163ding caLl9:S 

of bacterial illne:s listed above all have predominant 
zoonotic transmision route;. Virus:s, including 
hepatitis E virus and nipah virus, have also been directly 
transmitted from animals to humans (Gilchrist et 
al.,2007; Leblancetal.,2007; Fa:ginsetal.,2007; 
Bellini et al.,2005). ~ of the rna:s of animals 
produced in €!:Ch herd or flock, a microbiological isue 
can affect thOUS3nds of animals. Large-scale production 
and high-throughput proce:Eing can incrEEEE the 
rncgnitude of pathogen contamination when control 
SyStems fail ~ of the large volume of production 

de:cribed in a white paper on antibiotic-resistant bacteria and proce:sing; on the other hand, the concentration 
(Silbergeld et al.,2007). of production and proce:Eirg in f6/ver large facilitie; 

can result in more consistent pra::tice, more extensive 
regulatory coverage, and the ~ of more advanced ~1111~1111~1111 

control technologiES. N€\/\er technologie; for pathogen Ill 2i 
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control include food irradiation, extensively U:Ed in 
Europe and approved by thefda for certain rrffit and 
poultry products. 

While food-borne pathqp,sare of general concern 
in food production, the risks of human expa;ure to 
antibiotic fFSistant ba:;ferial pat/x:g3ni£, of particular 
relevance toi fap l::a:aLre of the t.re of antibiotics in feed 
for growth promotion, which is distinct from diSxre 
treatment and prevention. This t.re results in low des:s 
of growth-promoting antibiotics~pas) to e:ch animal, 
thereby contributing to the~lection and proliferation 
of antibiotic-resistant strains of ba::teria, a; does the 
administration of higher des:s for dis:E:E prevention. 
Antibiotic resistance can be transferred among ba::teria 
from non-pathogenic to pathogenic organisms, which 
incrE!:B:S the complexity and challenge of understanding 
and preventing this problem (Silbergeld et al2007). 
The potential for resistance re:ervoirsand interspocies 
transfer of resistance determinants isa high priority issue 
in the federal government's program to reduce the threst 
of antibiotic-resistant infections (Silbergeld et al2007). 

Recent studies have found that the air inside large
s:::aleswine feeding operations and downwind can aro 
be contaminated with high levels of multidrug-resistant 
ba::teria (Gibbs et al.,2004, 2006; Chapin et al.,2005). 
Airborne ba::teria f>tEfJhy/axxrls autei.J$Sa/rrore1/a ~, 
fecal coliforms, and total coliforms) collected inside 
and downwind of two large-s::ale swine operations 
were found to be resistant to two or more antibiotics, 
including ampicillin, penicillin, erythromycin, tylosin, 
tetracycline, and/or oxytetracycline (Gibbs et al., 
2004 ). Airborne ba::teriacollected upwind of the swine 
operations were significantly moresus:::eptible to all of 
the antibiotics evaluated, suggesting that relE!:B:S from 
the swine facilities were the likely sources of airborne 
multidrug-resistant ba::teria recovered downwind 
(Gibbset al.,2004 ). One study involved the collection 
of air samples via liquid impingers in a swineafo 
and analy.sis for viable isolates of antibiotic-resistant 
ba::teria (Chapin et al.,2005). Enterax:m, s:aphylaxm, 
ands:n=pta:n:ciwereanalyzed for resistance to 
erythromycin, clindamycin, virginiamycin, tetracycline, 
and vancomycin. None of the isolates were resistant to 
vancomycin, which ha; never been approved fort.re in 
livestock in the United States. In contras~% of the:E 
Gram-positive ba::terial isolates were resistant to two 
or more, and29% were resistant to all of the other four 
antibiotics that are commonly U:Ed a; growth promoters 
in swine (Chapin et al.,2005). The high prevalence 
of antibiotic-resistant ba::teria in swine facility air is 
relevant to swine growers and workers, a; well a; to other 
individuals who live or work cla:e to the:E facilities. In 
addition, airborne antibiotic-resistant ba::teria found 
within and around large-s:::aleswine feeding operations 
could contribute to environmental re:ervoirs of 
antibiotic-resistance genes, participating in the genetic 
exchange of the:E genes among ba::terial populations in 
animals, humans, and the environment. For this rEE:On, 
understanding the prevalence of antibiotic-resistance 
genes in airborne ba::teria emitted from large-s::ale swine 

operations is important in terms of both public ha31th 
and ba::terial ecology. 

Air emmons from livestock facilities are complex and 
of growing concern. Emisions from::afo sand the 
spraying of animal waste on surrounding fielc:!5 can 
result in environmental expa;ure to g:s:s, organic dusts, 
ba::teria, fungi, endotoxins, and residues of veterinary 
antibiotics (Radon etal.,2007; Mirabelli etal.,2006). 
In particular, largeifap facilities emit significant 
levels of ~ral compounc:!5, including endotoxins, 
particulate matter, ammonia, hydrogen sulfide, nitrous 
oxide, methane, and volatile organic compoundsr(rc, 
2003). Expa;ures to the:Ecompounc!sarea:rociated 
with a wide range of airway di9333:5, including mucous 
membrane irritation, bronchitis, a;thma, a;thma-
like syndrome, and chronic obstructive pulmonary 
dis:E:E, a; demonstrated in studies of farm workers 
( Heederik et al.,2007). Organic cercmls, combined 
with inflammatory a;:ientsand endotoxins, have been 
a:BJCiated with the development of respiratory illne:s 
amongswineworkers(Donham,2000, Von Erenand 
Donham, 1999) and the community surrounding the 
cafo (Donham et al.,2007, Donham, 1995; Cole etal., 
2000, S3pkotaet al.,2007a). Table2 lists potential 
respiratory disxa:sa:rociated with swine production 
(Osterberg and Wallinga,2004 ). 

A variety of analytical methoc!sareavailable for 
measuring toxic g:s:s, particulates, and odor (Bunton 
etal.,2007). Air pollution problems cat.red byemi$ions 
from cafo s, such a; hydrogen sulfide, particulate 
matter, and odor, are more generally local in s:::ale 
l::a:aLre neighbors living 1163r thecafo are affected. In 
contrast, pollutants such a; oxides of nitrogen (Ng 
and ammonia are causing concerns on a regional 
s:::ale. Nitrogen-containing pollutants can affect the 
quality of life in a multi-5tate ares (Bunton et al., 
2007). The quantitation of odor is more challenging 
becat.re it repre:entsa complex and variable mixture 
of free and particle-bound compounc:!5. I da311y, odor 
characterization would involve analy.sis of e:ch of the 
chemical constituentsa:rociated with a particular 
offensive odor. However, the correlation between 
human respo~ and specific compounc:!5 identified 
by instrumental methoc!ssuch a;gaschromatography 
remains quite poor (Bunton et al.2()07). 

Anrerobic lcgoons are commonly U:Ed to store and 
treat manure from large-s::aleswine production facilities. 
Ultimate by-products of anrerobic digestion are methane 
(CH 4 ) and carbon dioxide (Cq), with CH4 making up 
between 60 and 70% of the biogas (DeSutter and Ham, 
2005). Although some facilities have engineered systems 
to utili:ze the CH4 for energy (Lusk,1998), most farms 
using anrerobic lcgoons permit the Cf;! to erape into 
the atmosphere. Lcgoonsarecommonl~ to6 m deep 

with surface areas between05and5.0 ha or1.2 to12 
acres ( Ham and DeSutter ,2000). The primary objective 27 
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Tab I e 2. Respiratory Diseases Associated with Swine Production 
(Source: Adopted from Donham, 2000) 

Upper airway disease 

Interstitial disease 

Lower airway disease 

Sinusitis 

Irritant rhinitis 

Allergic rhinitis 

Pharyngitis 

Alveolitis 

Chronic interstitial 
infiltrate 

Pulmonary edema 

Organic dust toxic 
syndrome 

Occupational asthma 

Acute /subacute 
bronchitis 

Chronic bronchitis 

Chronic obstructive 
pulmonary disease 

of anrerobic digestion is to stabilize org:mic matter 
and, thus, reduce odors, pathq:JerS, and the overall 
rna:sof org:micS)lids; however, this proce:s is often 
not adequately controlled ircafo lcgoors (Parkin and 
Owen, 1986). The waste is converted to Cf:jand cq 
by two groups of l::a::teria, rrethanogers and a::etogers, 
and by a three-s~ proce:s called rrethanogenesis 
(Figure15) (Lusk, 1998). 

Greenhrn.re gcE:S ~HG) produced from cgriculture 
a:rount for6.8% of all US emmors (US3pa, 2004 ), 
and glotal efforts are being directed to reduce the 
emmors of the:E gcE:S from cgricultural S)Urc::es 
(DeSutterand Ham,2005; Lusk,1998). When the 

Non-allergic asthma, 

Allergic asthma 
(lgE mediated) 

hyperresponsive airway 
disease, or reactive 
airways disease 
syndrome 

about2,132 rrg of cq equivalents, of whichffio/o was 
from lcgoon emmors. Thus, even though swine are not 
corsidered large contributors of C'41through respiration 
or flatulence, there isa potential forsubstanticghg 
contributiors when animal waste is stored and trEEted in 
anrerobic lcgoors ( DeSutter and Ham2()05). 

E3eca.re of the complex envi ronrrent crEEted 
within cafo sand the potential airborne relem:s 
into the surrounding environrrent and any proximal 
communities, res:arch and developrrent in hazard 
ataterrent is being octively pursued in order to explore 
opportunities for erni$ion reduction. A number of 
different strategies have been examined, including 

entire commodity chain is taken into corsideration air filtration to control ernisiors, replocing dry feed 
(including the production of feed grain), greenho~ g:E with liquid, and spraying vegetable oil inside the barn 
emmors from liVEStock operatiorsaresignificant. (Marterset al.,2001; Takai and R:,de~,2000 ). 

Recently, a carbon budget was conducted by using Figure 16 summarize; the major elements in 
a rra:s-talanceapprooch a;away to quantify and tra:::e cgricultural air quality that need to beaddre:red by 
various forrrs of carbon through cgricultural systems environrrental mancgers and res:archers. Accurate 
(DeSutter and Ham,2005). A total carbon talance estimates of air erni$iors frorrcafo sare needed to 
analysis of animal production fa:ilities isa rrechanism gauge their pa;sible primary and 93COndary adver.:e 
that can provide valuable information about the quantity impoctsand thesub:Bquent implementation of control 
ofghg produced from the fa:ility per m:e;of animal mea;ures (Anejaet al.,2006; Cole et al.,1997; Oenerra 
produced (i.e., erni$ion fa:tors). This information et al.,2001 ). 
then can be extrapolated to regional sites with similar 
animal production pra::ticesand climates, and provide 
res:arch-b:m:I information needed to ~hg 
ernmors in the United States. Past analYS:5 involved 
the mea;urerrent of biogas and C f:j fluxes from an 
anrerobiG-SNine lcgoon, and a rna:s talance of carbon 
from theentireswine production fa:ility (DeSutter 
and Ham,2005). The contribution of Cf:j from both 
lcgoon and animal respiration tq;ihg inventories was 

LO$ of biodiversity is known to be intimately linked 
to cgricultural developrrent. Policy reform can be an 
important driver of changes in cgricultural land-~, 
but there isconsiderablesp:itial variation in respons3 to 
policy and its potential impoct on biodiversity (MattiS)n 29 
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and Norris,2005; Butleretal.,2007). lndLStrial 
cgriculture limits biodiversity by favoring monoculture 
crop production, i.e., planting theS::me crop over a 
lar~ land arEE, which diminishes di~ habitats and 
incrE!:B:S vulnerability to lar~le damcge from p:sts. 
The:E monocultures can stretch over thOLSands of 
a::res, 163ding to more chemical t.re, p:sticide resistance 
in irm::ts, and pollution of surfa::.e and groundwater 
by herbicide;and irm::ticides (Horrigan et al2Q02). 
ifap fa::ilities play an important role in the reduction 

lliL 

of biodiversity a; they contribute directly or indirectly 
to a la:s of biodiversity via habitat change, climate 
change, inva;ivealien species, and pollution. Typically, 
biodiversity la:s is cat.red by a combination of varioLS 
proce:El:S of environmental degradation. This makes 
it hard to single out the specific contribution ofap, 
particularly since the animal food product chain festures 
many steps from which environmental impact may 
occur (Steinfeld et al.,2006 ). 

Figure 1i. The anaerobic digestion process (Source: I usk 1998) 
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Environmental stre:s from chemical and biological 
cgents isaniplified by dietary choia=sof the American 
population. Thestandard Western diet, which is 
h63vy on mest and light on vegetable intake, is taking 
a significant toll on the environment, public hESlth, 
and the nation'seconomy. In the United States, mest is 
produced and consumed at unprecedented rates, with 
future incl633:S projected (lsda, 20cti). ExO:SS mest 
consumption ha; been linked to adlt'ffiE human hESlth 
outcomes, including obesity and an incrEl:'f:Ed risk of 
mortality from cardiova;cular diS:xre (Kelemen et al., 
20cti). Thus, hESlth impairments from a high-n163t 
diet crESte a significant strain on the US economy, 
this repre:enting only one of many una:x:ounted for 
externalities. 

It ha; been suggested that the dietary model of the 
United States isenvironmentally unsustainable both 
nationally and globally (reviewed in Horrigan et al., 
2002). Americansareamong the top mest consumers 
in theworld. Wher6:Eanimal proteinconstitutesonly 
about one-third of dietary protein intake worldwide, 
Americansave~ more than two-thirds~n faostat, 
2005). ExO:SSive mest consumption takes a toll on 
human h631th and the environment. Contrary to farm 
animals rared by grazing on pa;tures, industrial farm 
animals are fed grains in confinement. Environmental 
correquena=s of this shift in agriculture alrESdy have 

been de:cribed. National natural re:ources, including 
water and farmland, are too limited to sustain the 
perpetual production of millions of tons of feed grain 
for the10+ billion farm animals slaughtered ea::h year in 
the United States (m faostat, 2005). In an~ 
American hotrehold of four people, more thar1120 
chickens, four pigs and one cow are consumed annually 
(un faostat, 20cti). US consumption rates for 163n 
mest are above100 kg per pe!S)n per year and thus 
excred the American HESrt k:B:Jciation's recommended 
upper limit by more thar60% (calculated from data 
pre:ented in Walker et al.2()05). Continuation of 
this unh631thy and environmentally unsustainable 
consumption is undesirable nationally and ~tsa poor 
example internationally. 

But even if national mest production and 
consumption in future years were adjusted downward 
to match the recommendation of the American HESrt 
k:B:Jciation (20cti), current pra::tia=s inifap would still 
continue to inflict significant harm to public h631th and 
the environment. This is due to the spatial concentration 
of animal wa;tesand public h631th thrEEts offap 
fa::ilities. Asinglecafo routinely droiarges to the 
environment untrEEted or minimally procered animal 
wa;te at a rate equivalent to the~ flow of a small 
American city. Si nee wa;te excretion by pigs exceeds that 
of humans by a fa::tor of four, a singleafo housing 
5,000 pigs produa=san environmental footprint similar 
to 20,000 residents of a city having no ffiNage trEStment 
plant (Walker et al.,20cti). 
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Figure 1i. Interactions and assessment of agricu I tura I air qua I ity (Source: Aneja et a I., 200i) 
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Current IFAP pra:::tia:s in the Unita::I States are unsustainable. Although 

oome data gai::sexist regarding the impa::t offap on human health, a 

body of p:er-revievva::l literatureclmrly outlinesan expanding array of 

deleteriousenvironmental effoctson local and regional water, air, and ooil 

re:oura:s. Alrmdy, more than a million peopleareestimata::I to consume 

groundwater showing moderate or revere contamination with nitr~n

containing pollutants (Nolan and Hit~006), caured primarily by hEBvy 

ureof cgricultural fertili:zersand unsustainably high application rates of 

animal Wc51:e. In addition, existing fa::leral environmental lavvsand mcst local 

zoning regulations al low focaf o s to be oi:erata::I and new ones to be bu i It 

acrcm the nation, in regions vulnerable to natural diS:51:erssuch c5 flooding 

or arid ones lacking appropriate water re:oura:s. The:e pra:::tia:s run counter 

to environmental conrervation, public health protoction, and the goals of the 

Clmn Air Act and the Clmn Water Act. 

In the fa::e of this challenge, there is a rred for more 
protective zoning as well as for l::etter rrancg:n--ent 
pra::tices, regulations, enforcerrent, and monitoring of 
ifap fa::ilitie; (Burkholder et al.,2007; Horrigan et al., 
2002; Aneja et al.,2006; Donhcm et al.,2007; S3rrrah 
et al.,2006b). The US Government Accountability 
Office recently concluded that as rrany atl0% of 
anirral feeding operations in the United State;are 
unregulated and that the few existing federal regulations 
are not enforced by state governments due to a la::k 
of federal oversight (U~ao 2005). Right-to-farm 
legislation, originally designed to shield family farms 
from getting forced out of busine:s by encroa::hing 
development, in some state; prevents zoning laws that 
could ~asa mechanism to preclude siting dlfap 
fa::ilitie; in locations where detrimental effects to the 
environment and human populations are likely (Chapin 
et al., 1998; Hamilton, 1998). 

To prevent further environmental degradation, 
grEEter a::countability and land stewardship are needed, 

and due diligence should l::e pla::ed on evaluating the 
environmental, financial, societal, and health effects of 
foodanirral production. To ra:ch thisgool, restrictive 
a::tions will l::e required, and further re:mrch should l::e 
conducted to define state-of-the-art anirral husbandry 
pra::tices that can adequately addre:s environmental, 
health, and animal welfare criteria (Burkholder et al., 
2007; Thorne,2007; S3pkota et al.,2007b; Donhcm 
et al.,2007; Bunton et al.,2007). 
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Figure 17. Spraying of 
manure on frozen soi I , 
as shown here in y akima, 
WA, can trigger runoff of 
nutrients, po I I utants, and 
pathogens during snow 
me It and heavy rain events 
(Photo source: Anonymous) 
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To: Jalonne White-Newsome Ualonne@weact.org)Ualonne@weact.org]; Tejada, 
Matthew[Tejada.Matthew@epa.gov] 
From: Lisa Garcia 
Sent: Fri 12/12/2014 6:30:54 PM 
Subject: FW: From EnergyWire -- CLIMATE: Clean Power Plan needs robust environmental justice 
component -- advocates 

From: jtauber@earthjustice.org by E&E Publishing [mailto:email_this@eenews.net] 
Sent: Friday, December 12, 2014 10:59 AM 
To: Lisa Garcia 
Subject: From EnergyWire -- CLIMATE: Clean Power Plan needs robust environmental justice 
component -- advocates 

Though widely praised in the environmental community, U.S. EPA's proposed Clean Power Plan is falling 
short of some environmental justice goals, advocates said yesterday. 

In a panel discussion sponsored by the Environmental Law Institute and the D.C. Bar, environmental 
·ustice leaders noted that the proposed rule to rein in power plant emissions should give more direction to 
states on how to engage with communities disproportionately affected by carbon emissions and other 
environmental degradation. 

Jalonne White-Newsome, a federal policy analyst for the Harlem, N.Y.-based nonprofit WE ACT for 
Environmental Justice, pointed to the Clinton administration's 1994 executive order requiring agencies to 
include an environmental justice analysis for proposed rules. 

The draft Clean Power Plan does include a section on environmental justice, noting that EPA's 2009 
endangerment finding considered the specific risks of climate change to minorities and low-income 
populations, and that environmental justice advocates weighed in significantly on the rule. But WE ACT 
and other groups argue that the agency should go further and direct states to address local 
environmental justice issues as part of their implementation of the rule. 

"I talk to a lot of states that say, 'Well, we're not sure how to conduct EJ [environmental justice] analysis 
or we're not sure what EJ is or we're not sure how to define an EJ community,"' White-Newsome said. 
"Well, we need to take those reasons/excuses out of the box, and as a part of the CPP and other 
vehicles that are coming down, we need to make sure states have that guidance, the proper guidance, to 
actually use all these tools and data to better inform how they plan to mitigate certain climate impacts." 

EPA environmental justice chief Matthew Tejada did not address the suggestion directly but stressed that 
the agency collaborated extensively with environmental justice groups throughout the rulemaking 
process. 
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"We have been and will continue to fulfill one of the key elements and the key functions of not just my 
office but the entire agency in engaging with communities," he said during the panel discussion, 
"particularly communities that are particularly vulnerable because we see that they have a central role." 

Tejada added that his office's goal is not just for more voices to be heard but for the agency to help 
communities meaningfully engage with the government through commenting, grant proposals and other 
collaborative work. 

"I think you're seeing the results of that commitment in the rules that we are working on internally," he 
said. 

Most notably, EPA this week finalized a solid waste regulation that leaned on an environmental justice 
analysis to justify the agency's promulgation of the rule (~~~~.El.~, Dec. 11 ). 

Environmental justice advocates are unlikely to push too hard for Clean Power Plan changes, as the 
proposal is generally seen as a major step forward in the environmental community. Earthjustice attorney 
Lisa Garcia, who formerly led EPA's environmental justice office, said any environmental justice 
complaints would likely take a back seat to the more high-profile battles between EPA, states and 
industry over the rule's broader economic impact. 

"The question would be, 'Can EPA or does EPA have the discretion to mandate [environmental justice 
analysis] to the states?"' Garcia said, adding that she believes the agency does have that authority. 
"Those would be the arguments, but certainly after some of the bigger ones are argued in court." 
Want to read more stories like this? 
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To: Mccarthy, Gina[McCarthy.Gina@epa.gov]; Title VI Complaints[Title_VI_Complaints@epa.gov] 
Cc: Jocelyn D'AmbrosioUdambrosio@earthjustice.org]; Marianne Engelman 

__ J,9.9_g.lm~1J.9~IDJ9._n..@_c!Q@~9{tJlj!J_s..tl9.~;>rgJ; r-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-Ex."-if:1=>erso,ia1i=>"i-1viici·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 
i Ex. 6 - Personal Privacy ribalcfwTri@walE:frkeef>eTorgrQoaTawfn@wi:ife"rl<ee-peTorgf;"Wooden-
, Aguilar, Helena[Wooden-Aguilar.Helena@epa.gov]; Tejada, Matthew[Tejada.Matthew@epa.gov]; HALIM

CHESTNUT, NAI MA[Hali m-Chestnut. Naima@epa.gov]; 'Daria. Nea l@usdoj.gov'[Daria. Neal@usdoj.gov]; 
'tom.reeder@ncdenr.gov'[tom.reeder@ncdenr.gov]; 
'christine.lawson@ncdenr.gov'[christine.lawson@ncdenr.gov] 
From: Alok Disa 
Sent: Wed 9/3/2014 11 :55:09 PM 
Subject: Exhibits to 09 03 14 DENR Complaint: Exhibits 27 - 38 

Dear Administrator McCarthy and Ms. Golightly-Howell, 

Attached please find Exhibits 27-38, which represent the first part of the second set of Exhibits 
to the Complaint submitted earlier today by Earthjustice on behalf of North Carolina 
Environmental Justice Network, Rural Empowerment Association for Community Help, and 
Waterkeeper Alliance, Inc. We apologize for forwarding these exhibits in batches and are 
forwarding hard copy versions by overnight mail for your convenience. 

Please feel free to let us know if these materials raise any question or if you have trouble 
downloading them. 

Sincerely, 

Alok Disa, on behalf of Marianne Engelman Lado and Jocelyn D 'Ambrosio 

Alok Disa 

Litigation Assistant 

Earthjustice Northeast Office 

48 Wall Street, 19th Floor 

New York, NY 10005 
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T: 212-845-7386 (direct) 

F: 212-918-1556 

The information contained in this email message may be privileged, confidential and protected ji-om disclosure. 

Ifyou are not the intended recipient, any dissemination, distribution or copying is strictly prohibited. 

If you think that you have received this email message in error, please notify the sender by reply email and 

delete the message and any attachments. 
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Complaint of North Carolina Environmental Justice Network, Rural Empowerment 
Association for Community Help, and W aterkeeper Alliance, Inc. under Title VI of 

the Civil Rights Act of 1964, 42 U.S.C. § 2000d and 40 C.F.R. Part 7 

against 

North Carolina Department of Environment and Natural Resources 

filed with 

the United States Environmental Protection Agency 

SUPPORTING EXHIBITS 

VOLUME20F3 
EXHIBITS 27-45 

Filed: September 3, 2014 
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Complaint of North Carolina Environmental Justice Network, Rural Empowerment 
Association for Community Help, and W aterkeeper Alliance, Inc. under Title VI of 

the Civil Rights Act of 1964, 42 U.S.C. § 2000d and 40 C.F.R. Part 7 

Exhibits 

Volume 1 of 3 
Exhibits 1-26 

Exhibit I.A EPA Award of Federal Funds to DENR in Fiscal Year 2014 

Exhibit l.B EPA Awards of Federal Funds to DENR Extending into Fiscal Year 2014 and 
Thereafter 

Exhibit 2 Comments of Steve Wing, Ginger T. Guidry, Sarah Hatcher, and Jessica Rinsky, 
on General Permit A WG I 00000, December 6, 2013 

Exhibit 3 Comments of Catawba Riverkeeper Foundation, Cape Fear River Watch, Neuse 
Riverkeeper Foundation, North Carolina Environmental Justice Network, 
Pamlico-Tar River Foundation, Waterkeepers Carolina, Western North Carolina 
Alliance, Winyah Rivers Foundation, and Yadkin Riverkeeper, Inc. on Renewal 
of North Carolina State General Permits to Control Animal Waste, A WG I 00000 
(Swine Waste Management System General Permit), A WG200000 (Cattle 
Waste Management System General Permit), AWG300000 (Poultry Waste 
Management System), submitted by Earthjustice, Waterkeeper Alliance, Inc. and 
Southern Environmental Law Center, December 6, 2013 (with Exs. 1-3) 

Exhibit 4 Steve Wing & Jill Johnston, Dep't of Epidemiology, Univ. ofN.C. at Chapel 
Hill, Industrial Hog Operations in North Carolina Disproportionately Impact 
People of Color (2014) 

Exhibit 5 Anonymous Declaration I 

Exhibit 6 Declaration of Larry Baldwin 

Exhibit I Biography 
Exhibit 2 Photograph of Runoff from Hog Facility, Duplin County 

(Jan. 2012) 
Exhibit 3 Photograph of Runoff from Hog Facility, Duplin County 

(March 2013) 
Exhibit 4 Photograph of Runoff from Hog Facility, Greene County 

(March 2013) 
Exhibit 5 Photograph of Gully, Beaufort County (Aug. 2013) 
Exhibit 6 Photograph of Gully, Beaufort County (Aug. 2013) 
Exhibit 7 Photograph of Gully, Duplin County (Feb. 2014) 
Exhibit 8 Photograph of Dead Box, Craven County (Feb. 2014) 
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Exhibit 7 

Exhibit 9 Photograph of Dead Box, Jones County (Feb. 2014) 
Exhibit 10 Photograph of Buried Hogs 
Exhibit 11 Photograph of Buried Hogs 
Exhibit 12 Envirochem Water Quality Monitoring Report (Feb. 2014) 
Exhibit 13 Envirochem Water Quality Monitoring Report (Feb. 2014) 
Exhibit 14 Envirochem Water Quality Monitoring Report (Feb. 2014) 
Exhibit 15 Envirochem Water Quality Monitoring Report (Feb. 2014) 
Exhibit 16 Envirochem Water Quality Monitoring Report (Feb. 2014) 
Exhibit 17 Michael A. Mallin, Stocking Head Creek Fecal Coliform 

Bacteria Investigation (Jan. 28, 2014) (unpublished report 
submitted to W aterkeeper Alliance) 

Declaration of Ogden D. Batts, Sr. 

Exhibit 1 Map Showing Hog Facilities Near Home 
Exhibit 2 Map Showing Hog Facilities Near Other Property 

Exhibit 8 Declaration of Tony Bennett (with map) 
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DECLARATION OF NORMA MEJIA 

1. My name is Norma Mejia. I am of legal age and competent to give 

this declaration. All of the information in this declaration is based on my own 

personal knowledge unless otherwise indicated. 

Background 

2. I am Latina. I live at 3 82 Leonard Rich Road in the town of 

Magnolia, in Duplin County, North Carolina. (See Attached Map). I live here 

with my husband, Bernardo, and my two sons, Nicholas and Samuel. Bernardo is 

forty-nine years old. I am also forty-five years old. Nicholas will be fourteen this 

year, and Samuel is seven years old. We own our house. We have lived here for 

10 years. 

3. I work at the Rural Empowerment Association for Community Help 

(REACH) as an organizer and work on the hog sludge concerns in our area. We 

encourage people to protect themselves at work. 

4. There are at least eight hog houses within two miles from where my 

family lives. I have a map pinpointing where the hog farms and houses are in 

proximity to my home. There are also turkey farms near me. 

1 
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Experience Living Next to a Hog Facility 

5. Nicholas, my fourteen year old, is always complaining about his nose 

and breathing. The doctors say he has sinus issues, but we don't know if it is 

related to the contamination around us. 

6. A few years ago, maybe three years ago, trucks started coming very 

close to my property to dispose of sludge near my property line. Now, the trucks 

are coming in even more often than before and it is very upsetting. They make 

more trips and have more truck drivers. There is a lot of noise and dust. I don't 

have the freedom to spend time with my children outside. I know from talking 

with my neighbors that there are plans to expand the sludge operation because 

they've been asked if it's permissible to spread the waste on their property. 

7. We've been in even closer proximity to the sludge operation because 

our dog ran away and we went looking for him near the application area. It smells 

terrible back there. 

8. I am concerned about my health and my privacy at home. I can't go 

outside because of the truck traffic associated with the sludge operation. They 

come in around 6:30 a.m. irt the morning and keep going in and out all day. They 

do ten or more trips a day and they leave around 5 or 6 p.m., sometimes 7 p.m. I 

cannot rest because I hear the trucks coming in and out. 
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9. I think they could make another road to enter the area where they 

spread the sludge so that they do not have to come so close to my home or take the 

sludge somewhere else. I want them to stop. 

10. We use well water. Because we live so close to hog farms and the 

sludge operation, I am concerned if the water is safe to drink or safe for cooking. I 

don't drink it - I buy water every week. We spend about $10 or more a week, 

maybe $15, on purchased water. 

11. Hog farms are everywhere. I smell them all the time and it's terrible. 

Sometimes I feel like I am going to get sick from smelling all this. The smell of the 

hog farms is worse in the afternoon. I've noticed the smell the whole time I've 

been living in Magnolia and it's worse than it used to be when I first moved here. 

12. I live within a quarter mile of a sprayfield. It seems like they do it 

every two or three weeks. I don't keep my windows open because of the smell. 

13. I see Latinos working at the hog farms. I never see Caucasian people 

working at the hog farms. The supervisors are Caucasian. The African-Americans 

and Latinos take care of the hogs. The Caucasian people tell them what to do and 

then they leave. The offices of supervisors are far from the hog farms. I have a lot 

of Hispanic friends that tell me different stories about the hog farms. They tell me 

that the Caucasian people don't work there. 
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I declare under penalty of pe1iury that the foregoing statements are true and 

correct to the best of my knowledge, information, and belief. 

Executed in f(n.,-fitp~!_ , North Carolina on August 3 /, 2014 

'±··,· ~v~ 
~aMejia 
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Address: 382 Leonard Rich Road, Magnolia, NC 28453 

Addressee: Norma Mejia 

Map radius: Approximately 2 miles 

Source: Google Maps 
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DECLARATION OF ALVIN MILLER 

1. My name is Alvin Miller. I am of legal age and competent to give this 

declaration. All of the information herein is based on my own personal knowledge 

unless otherwise indicated. 

Background 

2. I am African-American. 

3. I,live at 426 Highway 11, 903 North, Kenansville, North Carolina. 

(See Attached Map). I rent my house. 

4. The closest hog facility is five or six miles from where I live. I smell 

the hog waste at certain times of the day when the wind changes directions. I smell 

it when the facilitators are pumping spray on the fields. I smell it when the wind 

blows. I also smell it if I drive by the fields, even if they are not pumping. The 

mist of the spray has hit my windshield when I go to the store or to visit my family. 

5. I used to fish more than I do now. Now, however, I fish less because 

the creeks and streams are polluted with hog waste. I didn't know that the streams 

and creeks were polluted until I started working with the Rural Empowerment 

Association for Community Help (REACH) taking water samples. I went to a 

creek and the water seemed clear, but I saw dead fish. All the creeks at which I 

used to fish are contaminated because of the hog farms. The hog farms affect the 

water in the streams. 
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6. I have three grown hunting dogs and seven puppies. I enjoy hunting 

raccoon and rabbit. One night, while I was hunting raccoon with some friends, we 

had to go into the woods. We found out they were spraying into the wood line 

because we had on waders and we stepped knee-deep in hog sludge. That was not 

supposed to happen. I'm afraid that the hog sludge run off will contaminate the 

streams. 

7. I started to notice that the facilities were spraying a lot of waste into 

the tree line in the mid-to-late 90's and early 2000's. I started to see more hog 

houses being built. In the early days, the hog farms used the gun sprayer. Now we 

see the pivot wheels al).d the stationary spray packs. The pivot wheel is automated; 

it rotates around the field. The spray gun is pulled out manually. The stationary 

spray pack has underground pipes that come up about every two and a half feet and 

they are fifty feet apart. The system is all underground and the spray comes up. 

Out of all these methods, the spray gun is the worst because it shoots out a big 

stream and it's spraying constantly- if you get in front of it, it will soak you. I 

know about the different types of sprayers because I used to work in a pig nursery 

and I had to tum the spray guns off. 

8. My doctors tell me that I should walk to make sure that I stay in 

shape, but I don't walk as much as I should. There are hog trucks on the main 4-

lane highway. There are hog trucks, turkey trucks, trucks from the Valley Proteins 
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factory- I see it all, including dead hog trucks. I don't want to walk out there and 

smell the air from all those things. If you are in your car and hog trucks pass you, 

you will still smell the ammonia. 

9. I have many concerns regarding the hog farms. I am concerned that 

the hog farms are polluting the air. I am also concerned that the hog farms are 

messing up the environment. If I go anywhere in the county, I smell where they 

are pumping off the lagoons. If I drive by a hog house, I smell it. When farmers 

started consolidating the hogs and started raising hogs in hog houses, things went 

bad. Back in the early 80's and early 90's, I didn't see many hog houses. I could 

walk anywhere to fish or hunt, but now I can't fish anywhere because the creeks 

are dead and all my neighbors have a "no-trespassing" sign posted on their land. 

10. I try to stay far away from the hog farms because the smell is terrible 

and because I don't know what could potentially be in the air. 

11. The hog facilities have boxes for the dead animals. During the 

summer, the dead boxes are particularly bad. It creates an awful smell. Six or 

seven years ago, I saw a truck carrying dead hogs and several came out of the back 

of the truck. The smell was awful then, too. 

12. I have seen some hog farms wash out the houses. When they wash 

down the hogs waste in the hog house, the run off can go into ditches which then 

go into streams. 
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13. I've been working with REACH since about 2008. I drive around to 

see if I can spot any hog farms that are violating the North Carolina law, like 

spraying in the rain. I also watch for when the facility sprays when no one is 

watching. The sprayers should have someone watching them, in case it starts to 

rain. Someone needs to be there to immediately tum them off. Someone needs to 

watch the spray because other detrimental things could happen too, like a pipe 

bursting. I've seen a hog farm spraying at 10 or 11 o'clock at night. I wonder if 

anyone is watching, or if they are at home watching television. 

14. If I could change anything, I would try to figure out how the hog 

farms would not have to pump the waste onto the fields, or have them get rid of the 

lagoons so they wouldn't have to pump the spray. If that's not a possibility, then I 

would change the spraying system so that it would be drilled into the ground so it 

would not get into the wind. I wish that they wouldn't spray on windy or rainy 

days. If it's raining, then the ground is already saturated and there can be runoff 

which can result in polluted creeks. 

15. I think hog facilities have more negative impacts on African

American populations than all others. Most hog farms I lmow only employ 

African-Americans or Hispanics. There are not many people of Caucasian 

ethnicity working on the hog farms. Most of the hog houses are in African

American neighborhoods. I don't lmow of any hog houses in Caucasian 
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neighborhoods. In a Caucasian neighborhood, if they were to hear about a hog 

facility coming to their neighborhood, I think they would protest. From my 

experience, an African-American person is more afraid that what he has will be 

taken so he will just say that he has to learn to put up with it. 

I declare under penalty of perjury that the foregoing statements are true and 

correct to the best of my lmowledge, information, and belief. 

Executed i~A , North Carolina on August 36, 2014. 

Alvin Miller 
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Address: 426 Highway 11 903 N. Kenansville, NC 28349 

Addressee: Alvin Miller 

Map radius: Approximately 1.5 miles 

Source: Google Maps 
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DECLARATION OF AUDREY MILLER 

1. My name is Audrey Miller .. I am of legal age and competent to give 

this declaration. All of the information herein is based on my own personal 

knowledge unless otherwise indicated. 

Background 

2. I am a 54 year old African American woman. I was born in Rose Hill 

in North Carolina, and I lived there until I was one year old. At that time, my 

family moved to a home in Wallace on Railroad Street. I have lived throughout 

the country, including New York, and throughout North Carolina. Three years 

ago, in 2011, I moved from Dudley, North Carolina, back to Wallace, North 

Carolina to be closer to my family. 

3. I currently live in a house owned by my aunt, Elsie Herring. The 

house is located at 109 Beulah Herring Lane in Wallace, North Carolina, right next 

to a hog facility, as shown in Exhibit 1. My.aunt and other family members live in 

houses and trailers nearby. 

4. I understand from an attorney at Eai1hjustice that the hog facility next 

door is called Major Murray Hog Farm and that it has a permit from the state of 

North Carolina that allows it to house 1,180 hogs. 
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Experience Living Next Door to a Hog Facility 

5. Living next door to a hog facility is difficult. When the facility is 

spraying, the smell is just awful. Sometimes, if the facility is spraying, I can even 

smell it from inside a car on River Road as I am heading toward my house. As the 

car drives around the last curve before my house, the smell just hits me. The closer 

I get to my house and the sprayfields, the worse it smells. · 

6. The facility next door sprays year round, even in the winter if the 

weather is warm enough. 

7. I volunteer for a second hand store, tagging donated clothes to be 

sold. Some days I go with my mother to the store, but I usually work from home, 

sitting in my living room tagging. In the warmer months, it would be nice to open 

my doors and windows and enjoy the breeze as I work. My house gets a nice 

breeze off the trees. But if the facility is spraying, I have to keep the doors and 

windows tightly shut to keep the smell out. If I open the door just a crack, the 

smell gets in and lingers. When it is hot, I usually have to sit inside with the air 

conditioner on, running up my electric bill, to avoid the terrible smell. I wish I 

could spend more time outside. 

8. I have limited mobility and spend a lot of time at home, even when I 

am not working. I am on crutches and cannot drive a car, so I have to rely on 

others if I want to leave the area just beyond my house. When the smell is bad or 
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when I get stir-crazy and want to leave the house, I usually call my mother and ask 

her to come and pick me up, but she can't always come and get me. My mother is 

70 years old and is not always up for a drive. 

9. Because I am on crutches, it is especially difficult for me to be outside 

when the facility is spraying. I can't cover my nose with a handkerchief and get 

around on my crutches. Ifl have to pick up the mail or go outside to get to my 

deep freezer or my laundry room while the facility is spraying, I have to hold my 

breath to avoid the tenible odor. 

10. Living next to the hog facility has changed the way me and my family 

use the outdoors. For example, because of the hog facility, I no longer hang my 

clothes out on the line to dry. I never know when the facility is going to spray. 

Before I got my clothes dryer, I often would hang my clothes out in the breeze to 

dry only to come back and find out the facility started spraying and my laundry 

was covered in a mist of manure. I used to get so upset and worried that the spray 

would ruin my clean clothes that I finally bought a dryer. I am happier knowing 

that the mist from the spraying won't ruin my laundry, but I would prefer to leave 

my clothes on the line to dry. 

11. My family and I don't have cookouts in the summer because of our 

conce1n about the spraying. When the facility is spraying, the smell is unbearable. 
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Because we don't know when the facility will spray, we can't plan around it, so we 

just stopped having cookouts. 

12. Living next to the hog facility has taken a toll on my health. I have 

problems with my sinuses and bronchitis, and these problems have gotten worse 

since I moved next door to the hog facility. I often have a hard time breathing; my 

nose clogs up and my throat is raw and sore. People think I have a cold, but I think 

the hog facility is making it hard for me to breathe. My sleep apnea also has gotten 

a lot worse since I moved here. This January, I had to get a machine to help me 

breathe at night. 

13. Living next to a hog facility is very different than what I am used to. 

Most recently, I lived in Dudley, North Carolina, near the railroad tracks. Living 

next to a hog facility is much worse than living next to the tracks. I prefer the 

noise of the trains to the smell of the hog waste. 

14. It is hard living and working next to a hog facility. I want someone to 

help those of us that have to experience the te1Tible odor and breathe in the harmful 

pollutants. 
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I declare under penalty of pe1jury that the foregoing statements are true and 

con-ect to the best of my knowledge, information, and belief. 

Executed in u/a/fa {!,_L,, North Carolina on April/ 7, 2014 
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EXHIBIT 1 

NOTE: Hog Facility extent drawn fran tax parcel information found on Duplin County Tax Administration's website and may 
not be 100% accurate 
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DECLARATION OF NAEEMA MUHAMMAD 

1. My name is Naeema Muhammad. I am of legal age and competent to 

give this declaration. All of the information herein is based on my own personal 

knowledge unless otherwise indicated. 

2. I am the Acting Director and a Community Organizer for the North 

Carolina Environmental Justice Network (the "EJ Network"). I have served as the 

Acting Director since October 2013. I have been with the EJ Network since 1999, 

when I joined as a community organizer. 

3. I am the third director of the EJ Network. Nan Freeland served as the 

director from about 1998 until 2011. Gary Grant was the director from 2011 until 

2013. 

About the EJ Network 

4. The EJ Network is a statewide, grassroots-led nonprofit organization 

made up of community members and other organizations that are working to fight 

environmental injustice. Member organizations include Bayden Concerned 

Citizens, Black Workers for Justice, North Hampton Concerned Citizens, Rural 

Empowerment Association for Community Help ("REACH"), and Roy Oaks 

Community. 

5. The EJ Network exists to promote health and environmental equality 

for all people ofNorth Carolina. We seek to accomplish these goals through 
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organizing, advocacy, research, and education based on principles of economic 

equity and democracy for all people. We focus on the communities that are most 

impacted by environmental injustice, including people from low-income 

communities and communities of color. We use community-based participatory 

research, organize communities, engage media, educate elected and appointed 

government officials, and advocate statewide for practical solutions to achieve 

environmental justice. 

6. The EJ Network grew out of the work of our founders, Nan Freeland 

and Gary Grant, to address environmental injustices in North Carolina. 

7. Nan Freeland was involved in one of the first issues to launch the 

environmental justice movement in North Carolina, the fight against the plan to 

build a landfill in Warren County, North Carolina that would dispose of 

polychlorinated biphenyls, or PCBs. In 1982, industry needed a place to dispose of 

the PCBs, and they settled on Warren County, a county with a large elderly 

population and a large African American community. The people in Warren 

County were fighting the plan to dump PCBs in their community. The fight 

culminated with a demonstration; members of the community laid down in the 

roadways to stop the trucks from delivering the PCBs to the landfill. The National 

Guard was called in to disperse the protesters. Many people were arrested. 

Ultimately, the landfill was built, but the fight helped launch the environmental 
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justice movement in North Carolina. Nan was instrumental in the Warren County 

fight and her experience there helped lead her to the environmental justice 

movement. 

8. Gary Grant's experience with confined animal feeding operations in 

1991 was the beginning of his path to found the EJ Network. Concentrated animal 

feeding operations were just coming to North Carolina in the early 1990s, around 

the same time the environmental justice movement was forming. Tillery, in 

Halifax County, North Carolina, where Gary Grant lived and worked with the 

Concerned Citizens of Tillery, was one of the proposed locations of some of this 

development. As Gary tells it, in 1991 a local paper ran a story claiming that 

economic development was coming to Tillery and that the development was 

centered on hog farms. Gary did not initially have any concerns about the hogs. 

He figured it was regular farming, as had been happening in the community for 

decades. Then one of Gary's neighbors, a white man, approached Gary to ask if he 

had heard about the hog farms that were coming. The man wanted to work with 

Gary and the Concerned Citizens of Tillery to stop the development. The man and 

Gary took a trip to one of the locations where they were planning to bring in the 

hogs. When Gary saw how the land had been excavated to make room for the 

huge hog houses, he understood that this was not typical hog farming. It was 

serious industrial development. 
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9. Gary helped organize community protests against bringing industrial 

hog farms to Tillery. Eventually, the concerned black and white citizens of Tillery 

encouraged the Halifax County Commissioners to enact an ordinance that required 

hog operations to obtain permits to construct and operate within the county. The 

ordinance wound up being strong and, perhaps may have made the industry think 

twice before coming into Halifax County. There aren't many hog operations in 

Halifax County. The Halifax County fight was important because it protected 

communities from industrial agriculture, and because it was the first time that the 

black and white communities came together to address a common problem. It also 

helped the communities realize that the hog industry was an environmental justice 

issue in North Carolina. 

10. Also in the 1990s, around the time of the Warren County fight, and 

Gary's experience with hog farms in Halifax County, there was a growing 

recognition of environmental justice issues. People were coming together to 

discuss the problem. As I understand it, in the late 1990s, the National 

Environmental Justice Advisory Committee ("NEJAC") met in North Carolina, 

and participated in a roundtable at North Carolina Central University where 

members heard reports about the growing hog industry. Gary was invited to talk 

about the hog operations and his experience in Tillery. I did not attend the 

meeting, but since learned about it. 
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11. People raised concerns at the meeting about the growing hog industry 

and how it was affecting water quality and black communities. After the meeting, 

some of the community leaders, attorneys, and scientists recognized that they 

needed to do something about the growing hog problem and settled on having a 

conference. After the NEJAC meeting, Gary, Nan Freeland, and others worked to 

put on an Environmental Justice Summit at the Historic Franklinton Center at 

Whitakers, North Carolina, in Edgecombe County. About 75 or 80 people 

attended the Summit, including Professor Steve Wing of the University of North 

Carolina, Chapel Hill, and some of his students. At the Summit, people recognized 

that they needed an organization to continue to bring people together to address 

environmental injustices. The EJ Network grew out of the first annual 

Environmental Justice Summit, which was held in 1998. 

EJ Issues: The Growing Problem with Factory Farms 

12. Between 1992 and 1998, the hog industry in North Carolina 

experienced massive growth. During that time, many animals operations were 

built in the state, particularly the eastern portion of the state. Eastern North 

Carolina was very rural, with lots of farmland and a very poor community. 

Initially, the community did not know that the industry was expanding around it. 

They were not paying attention. 
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13. The EJ Network realized that there was a strong need in the affected 

communities for additional information about the industrial hog operations. 

Around 2000, with Steve Wing, and the EJ Network worked on a project called the 

Community Health and Environmental Reawakening, or CHER, to meet the need 

for community education about industrial hog operations. I joined the EJ Network 

in 1999 and began work on the CHER Project in June of 2001. CHER was an 

extension of the Southeast Halifax Reawakening Project, which started before I 

joined the EJ Network. 

14. The goal of CHER was to provide communities with information 

about the expanding hog industry and empower communities to fight back. We 

told people everything that they needed to know about the hog operations. We 

gave people three pieces of information. 

15. First, we gave people a map of where the hog faculties were located 

so they could see how many hog operations were coming to their community. We 

had a student from the University ofNorth Carolina, Chapel Hill create the map 

showing where the hog operations were located. The student reviewed the permits 

for the facilities, and mapped out the locations. 

16. Second, we gave people information on how the hog operations affect 

the environment and human health. 
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17. Finally, we gave people information on the principles of 

environmental justice and the definition of environmental justice to get them 

thinking bigger than they were thinking. Black communities in North Carolina had 

not been environmentalists. The environment was a new issue for these 

communities, so we introduced them to the issue and explained that the hog 

operations did not have the right to pollute the air and water and harm the 

community. And we discussed how it was environmental racism for the hog 

operations to target and move into African American communities. 

18. CHER was not only about giving the community information to 

inspire advocacy. We also wanted to hear from the members of the communities 

about their own experience with the hog operations. 

19. Most of the people that I spoke with were on well water and they were 

seeing changes with the quality of their water. The water in their wells was 

starting to smell like rotten eggs. People started relying on bottled water instead of 

their wells. People on a fixed income can barely afford to buy clean, bottled water, 

but they were forced to because their water smelled and often was unsafe to drink. 

20. Often as I spoke to people about the hog operations, people began 

remembering things that they had pushed to the back of their minds. They talked 

about the odor, the boxes of dead animals at the facilities. They told me that there 

were more flies now than in the past and how the flies stuck to their window 
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screens. They talked about seeing animal waste on their cars and how the mist 

from the irrigators traveled across the fields to their cars. They told me that they 

felt like prisoners in their own homes. 

21. People complained that they would not hang their clothes on the line 

outside to dry. The odor would set into the clothes, and they would have to wash 

them out again. Children getting off the school busses would run home instead of 

walk. Some children even threw up because of the smell. 

22. People told me that their eyes would tear up when they were outside. 

They complained of headaches. They said it was stressful to live near a hog 

facility. 

23. One of the things that struck me as I spoke to people was that they had 

not realized that they could speak out against the hog operations. People told me 

that they did not think they could say anything because the hog facility had a right 

to use their property. I told them that no one has a right to prevent you from 

enjoying your own property in the way that you intended when you purchased it. I 

explained that it is an injustice for the hog operations to force you to change your 

own lifestyle because of how they chose to use their property. 

24. The maps helped me open people's eyes to the injustice. People were 

easily able to identify where they lived and see how close they were to the hog 

operations. When they realized they were surrounded by hog operations, they 
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started to understand why they smelled so much odor. Before the CHER project, 

often people had not paid addition to the lagoon and the pollutants that were 

coming from the lagoon. After I spoke with people, they began to see the 

connection between the smell and the hog operations. 

25. I asked people to think about whether they were part of a community 

and if they were organized. I asked them if they knew what their neighbor was 

experiencing. People began to talk to each other. They began to see that the 

problem was larger than themselves. 

26. Because the hog industry liked to say that it was fostering economic 

development and bringing in jobs, I asked people if they needed a job at any cost. 

People would tell me that they would not take a job if it destroyed their health. 

They realized that they should not trade the health and welfare of their community 

for the few jobs the hog operations provided. 

27. The community wanted to be able to prove that the hog industry was 

affecting their health. The North Carolina Pork Council was and still is very 

intimidating to communities. Communities were told that they were making things 

up-people told me that the Pork Council and hog farmers said that it did not stink 

when they claimed it stank. Elected officials were no better. I once went to a 

county meeting where, in response to complaints about the hog industry, one of the 

elected officials had the gall to ask, "where are the body bags?" His statement 
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made it clear to me that he thought that unless people were dying, there was not a 

problem. 

EJ Network Initiative: 
Community Health Effects of Industrial Hog Operations 

28. To fight the assertion that we could not prove that hog operations 

were affecting the environment and human health, the EJ Network contacted Steve 

Wing for help showing the impact that hog operations were having. Steve began 

looking at potential research projects that would allow the communities to 

understand what was happening to them. He looked for a project that would help 

demonstrate the health impacts of living in a community that is surrounded by hog 

operations. 

29. Together, in 2005, the EJ Network and Steve's research team from the 

University of North Carolina began a project called the Community Health Effects 

of Industrial Hog Operations ("CHEIHO"). 

30. CHEIHO brought together community members and research 

scientists to study how industrial hog operations affected community members. I 

recruited members of the community to participate in the study. Each study 

participant attended a three-hour training session where we explained what would 

be expected. We explained that we were looking to understand how they reacted 

to hog operations. Community members were given a journal and blood pressure 
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and breathing machines. We also tested people's ability to perceive odor, and 

recorded that information. 

31. We asked the participants to sit outside their home for 10 minutes two 

times a day, at times of their own choosing. The participants were given a timer to 

make sure that they were only outside for ten minutes. While sitting outside, the 

participants would rate the odor on a scale from 1 to 8, with 8 being the strongest. 

We also asked that the participants to answer questions in a journal that we 

provided about the symptoms they were experiencing, like whether they had runny 

nose or runny eyes or were coughing, and to record how they were feeling 

emotionally, like whether they were stressed or angry or neutral. After the 10 

minutes was up, we asked that the participants to take their blood pressure and 

print out the results to be placed in the journal. We also asked them to breathe into 

a peak flow meter that tested lung capacity. Finally, we asked the participants take 

a sample of their saliva, which they would place in a tube that we provided to be 

stored in the freezer. 

32. We also placed processing equipment throughout the community. 

The equipment monitored particulate matter, capturing fine particles in the air. 

The student researchers from UNC would download the results from the 

monitoring equipment on a weekly basis. Every few weeks, the students would 

also collect the saliva samples to be analyzed. 
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33. We studied at least 10 people at a time, for two weeks. At the end of 

the two weeks, we would move on to another group. The study lasted for four 

years. 

34. The study has been very helpful in showing how industrial hog 

operations affect people. When people said it stunk, the equipment correlated with 

their responses. The machines would show high measurements of hydrogen 

sulfide. 

The EJ Network'sAdvocacy Against Industrial Hog Operations 

35. In addition to community education and research, the EJ Network has 

organized community action events, including rallies in Raleigh. We held our first 

rally in July 2007 in response to proposals to lift the moratorium prohibiting new 

hog operations in the state. The rally was a collaboration with other groups, 

including Riverkeepers, the W aterkeeper Alliance, and the Environmental Defense 

Fund. 

36. We went to Raleigh seeking three things. First, we wanted to see the 

moratorium, which was set to expire in 2007, extended. Second, we asked for a 

deadline to get rid of the lagoon and sprayfield system and install clean 

technologies, like those that Mike Williams identified in the Smithfield study. 

Finally, we wanted the state to establish a fund that would help contract growers 

afford to install the clean technologies. We viewed this last request as a 
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compromise. We thought that the Smithfields and others who brought industrial 

hog farming to North Carolina should be responsible for the pollution it created, 

but we were willing to compromise to bring about change. 

37. We had busloads of people come to Raleigh to support the rally and 

meet with elected officials. Many of our members did not know that they had a 

right to go to Raleigh and address the legislature and tell them about their needs. 

They were captivated by the fact that they had the right to demand better for 

themselves. 

38. The center of our trip was a 51-hour vigil. Three hours of our vigil 

were for the Governor. We also kept vigil for the entire time that the legislature 

was in session, another 48 hours. During our vigil, we showed a documentary that 

we had made specifically to show the legislators about how the hog industry 

affected people in communities. The documentary is called "The Rest of the 

Story: Corporate Hog Farming in North Carolina." We made 170 copies of a 

DVD containing the documentary, one for each of the legislators. As the name 

suggests, "The Rest of the Story" tells the other side of the hog farming story. It 

documents particular people's experience with pollution from hog operations. We 

wanted to provide the elected officials with information about how hog operations 

prevented people from enjoying their property and made them sick to encourage 

those elected officials to enact policies that would protect communities against the 
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hog industry. A DVD containing a true and accurate copy of "The Rest of the 

Story" is attached as Exhibit 1. 

39. We also set up a mock hog farm, complete with mini hog houses and 

two baby swimming pools that we filled with hog waste that we brought with us 

from Duplin County, right in the middle of Halifax Mall. During our vigil, a 

facilities manager came over and demanded to know who told us to bring the hog 

waste to Raleigh. We told him that no one told us to bring the hog waste, but no 

one told us not to. He seemed mad at this response, and told us that if we spilled 

one drop of the toxic waste, we would be fined thousands of dollars. He said that 

the state would have to bring in a haz-mat crew to help with clean up. But we were 

confused. We told him that when we loaded up in Duplin County, we were told 

that the hog waste was organic fertilizer. We asked how trucking the waste 40 

miles to Raleigh transformed organic fertilizer into toxic waste. 

40. The following year, in 2008, the EJ Network organized another 51 

hour vigil in Raleigh, which we called the Clean Air Vigil. The Clean Air Vigil 

was a massive birthday party that we held for the children in our community who, 

because of the poor air quality from the hog operations near where they lived, were 

not able to celebrate their birthdays with fun and games outside. We brought 

around 100 children, between the ages of 6 and 15, to enjoy being outside. The 

party was complete with balloons, hot dogs, and chips. When people would ask us 
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why we were in Raleigh having a picnic, we told them that we can't do this at 

home. We told them that where we come from the air is not clean and clear and 

our children aren't able to enjoy playing outside. 

41. We had a permit for the Clean Air Vigil. At first, our application was 

processed without any problems. But, soon after the permit was issued, the office 

that had issued it called up the EJ Network offices and told us that they had to 

revoke our permit and reissue it. The reissued permit said "no hog waste." 

42. We didn't bring a mini hog farm with us in 2008, but we did bring a 

gallon of hog waste. We took the hog waste to the Governor's mansion to give to 

him as a present. When we got to the mansion, we were told the Governor was not 

in and were asked to leave, so we went to the Governor's office. We were able to 

leave the hog waste and a letter that we crafted at night during our vigil with the 

Governor's secretary. The letter told the Governor that the waste was a gift from 

the community. We told him to put the waste on the lawn and to let us know how 

long it took for the odor to go away. 

43. In addition to organizing vigils and rallies, the EJ Network joins other 

community action events in Raleigh, including Moral Mondays. Moral Mondays 

were brought to life in 2013 by the president of the National Association for the 

Advancement of Colored People ("NAACP"), William Barber. On Mondays when 

the legislature is in session, we gather to oppose decisions that we believe will 

15 

ED_ 001369 _ 00043850-00043 



harm disadvantaged people. The Moral Mondays started out small, but within the 

matter of a few Mondays, we had thousands of people in attendance. 

44. One Moral Monday last year opposed environmental cutbacks. The 

former director of the EJ Network, Gary Grant, and I both spoke at the 

environmental Moral Monday on behalf of the EJ Network. 

45. During the Moral Mondays, we gather in the rotunda of the 

administrative building to sing and make speeches. Last year, more than 900 

people, including Gary and myself, were arrested during the Moral Mondays. 

46. Every October since 1998, except for one year, the EJ Network also 

holds an environmental justice summit. We bring together members of the 

community, researchers, and attorneys to talk about environmental issues that 

impact the community. We wanted to have a forum where we could bring 

communities together to hear from each other and to understand that the issues 

facing them were not unique. We wanted people to see that there were problems 

that were larger than themselves, systemic problems that we could only address by 

working together. We wanted to bring people out of isolation, and to encourage 

them to work together as a network. Throughout the years, we have focused the 

problems associated with industrial agriculture, landfills, workers rights, energy, 

and Title VI as a tool for communities. 
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4 7. We always begin the summit with research presentations designed to 

inform the community about issues they are facing. For research projects, like 

CHEIHO, that are collaborations with the community, the community and the 

researchers will present together. 

48. Another important panel that we always have at the summit is the 

Government Listening and Community Speak Out panel. A representative from 

the North Carolina Department of Environment and Natural Resources ("DENR") 

has attended every summit and has had the opportunity to learn more about the 

community's concerns about inadequate environmental protections. 

49. Every year, we have a keynote speaker. In 2012, Gwendolyn Keyes 

Fleming, then the Director of Region 4 of the United States Environmental 

Protection Agency came to speak. 

50. The government, including DENR, has been well-informed about how 

industrial hog operations impact communities. DENR has participated in the 

Government Listening and Community Speak Out panel at every single Summit. 

We have taken representatives ofDENR on tours of Duplin County. 

Representatives ofDENR have sat in on meetings at the REACH office in Warsaw 

where scientists have presented their research about how children with asthma 

suffer because of the pollution from hog factory farms. 
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My Work with the EJ Network 

51. I joined the EJ Network as an organizer in 1999. I was working in 

eastern North Carolina helping communities as they recovered from Hurricane 

Floyd. When Hurricane Floyd hit the state, it brought massive floods, breaking 

500 year floodplains. I went into communities that were impacted by the flooding 

and fought for their right to return to the homes. At the time, I represented Black 

Workers for Justice. Together with other environmental justice groups, including 

Concerned Citizens of Tillery and the EJ Network, we worked together to organize 

the flood survivors. 

52. The flood recovery process was very discriminatory. Some of the 

communities that were the most affected were offered shelter space built on a 

landfill that had not been properly closed. To make matters worse, the landfills 

had accepted coal ash waste. The year of the flood, the EJ network held a meeting 

focused on helping flood survivors. The meeting shed light on the fact that the 

victims weren't just suffering because of the flood. There was a systemic problem 

where marginalized communities were hardest hit because they were forced to live 

in communities that were already suffering from dirty industry. People were 

feeling isolated so the best way to address the problem was to bring them together 

for a meeting. 
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53. At the meeting, I learned that the EJ Network was looking for an 

orgamzer. Steve Wing recommended me for the position, and I have been an 

organizer with the EJ Network ever since. 

54. As a community organizer, I serve as a community educator. I go out 

into the community, listen to their problems, and report back to the EJ Network 

Board. Community concerns inform our planning; when I report back on 

community concerns, we think about what resources we have to help change 

conditions in the community. 

55. Usually, when a community seeks our help, we will ask them to host 

us at a community meeting. At the meeting, we provide an environmental justice 

education session in which we discuss the history of environmental justice and the 

importance of being organized. Our Board also shares its expertise, for example 

offering advice on the importance of documenting the environmental harm and 

legal avenues to address the harm. We also share environmental justice success 

stories. 

56. My work with the EJ Network takes me into communities that are 

burdened by industrial hog operations. In these communities, the odor is often 

really foul. Some days, the odor is worse than others. When the operations are 

spraying, the odor is just terrible. 
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57. I have focused on Duplin, Sampson, and Bladen Counties, and have 

also worked in Northampton, Greene, and Pender Counties. Duplin and Sampson 

Counties have the most hog operations of any county in the state, but the other 

counties have their share as well. A map of showing the hog operations operating 

under North Carolina's general permit in Duplin, Sampson, Bladen, Northampton, 

Greene, and Pender Counties is attached as Exhibit 2. 

58. The people I have met are not just affected by the hog operations. 

Though not shown on the map attached as Exhibit 2, these counties, including 

Duplin County, also have a lot of industrial poultry facilities. People have 

complained that the poultry waste also stinks. Poultry facilities often have dry 

manure that they call litter. People are concerned that the dry litter will blow over 

to their property, just like the hog waste. People in these communities are 

overburdened by all types of industrial agriculture. 

59. I have met many people who have been burdened by industrial hog 

operations. People in these counties tell me that they. I have heard many moving 

stories about how people have been affected. 

60. One of the most moving stories I have heard was from Elsie Herring, 

who is featured in the documentary "The Rest of the Story." Elsie tells a powerful 

story about how the hog industry came onto her family's land, took over their 

property, and sprayed them with waste. The hog farmer intimidated Elsie and her 
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family when they attempted to fight back, even coming onto her property with a 

loaded gun to threaten Elsie's elderly mother. Her account of the lack of respect 

the industry shows the community tells another side of the story of the impact of 

hog farms. 

61. I also heard from a minister about how she was affected. The minister 

lived in Northampton County, an area where there were a lot of hog operations. 

She told me that one day she was at church, preaching from the pulpit, and she 

smelled this terrible smell. She couldn't figure out what it was and then, all of the 

sudden, she realized that the smell was her. Her clothes smelled of hog waste. 

When she realized that the smell was coming from her, she was so embarrassed. 

She told me that she ran from the pulpit and out of the church because she was 

completely embarrassed. This story highlights how the hog industry can take away 

people's dignity. 

62. Another moving story that I have heard is about how working in a hog 

rendering facility destroyed a person's health. In my organizing, I met a man who 

lived around the hogs and already had been upset about the odor. He also worked 

in a hog rendering plant, which is a place where the grind up the dead animals. He 

had worked in the plant for 6 years in maintenance. One day, the plant had a 

problem in the upstairs area. The man had to walk upstairs to address the problem. 

He was wearing his hydrogen sulfide monitor, and it went off while he was up 
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there. The monitor showed that the hydrogen sulfide levels had reached 90 parts 

per billion, a very dangerous level. The man passed out and was taken to the 

hospital. The hydrogen sulfide causes neurological problems. After the accident 

he could barely stand. He had to learn how to walk again. He has two children 

and a wife. His wife told me that her husband is not doing well. His illness and 

trouble recovering is ruining his life and their marriage, and affecting their 

children. 

63. Between 1999 and 2011, I also was a community mentor in the 

Kellogg Foundation Program for postdoctoral students studying health disparities. 

As a mentor, I worked with students who were researching environmental health 

problems that affected communities. I worked with three students. The first was 

researching systemic problems with the recovery process following Hurricane 

Floyd. The second student was researching how life in communities in North 

Carolina had changed since the arrival of industrial agriculture. The final student I 

mentored was researching the impact that industrial agriculture had on water 

quality. I helped all of these students coordinate with the community, helping 

them interview community members to support their research. In the last project, I 

helped the student go into the community and figure out the best place to collect 

water samples. 
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64. Since meeting Professor Wing, I have worked closely with his 

students, who are studying epidemiology, to educate them about environmental 

problems that are affecting community health and welfare. Steve and I work 

together on an 8-week class where we invite members of the community to come 

and speak about their experiences with environmental issues, like living near 

industrial hog operations. Steve and I decided to offer this class 14 years ago. 

Some of his students had attended the annual Environmental Justice Summit and 

came back energized. The students were captivated by the stories they heard about 

how people in North Carolina were affected by dirty industry and they demanded 

more access to the community to inform their work to promote public welfare. 

Steve decided that we should offer a class. I bring in people from the community 

to share their experience living near dirty industries. Many people from the 

community have never spoken to a classroom full of university students. It is 

another opportunity for them. It helps empower them to demand better. 

65. Over time, as I have been organizing with the EJ Network, I have seen 

a change. People are more vocal than they were when I first went into 

communities. The industry and even elected officials were so intimidating, and 

people were often afraid to speak up. But as people became more informed about 

their rights and about principles of environmental justice they were more willing to 

talk. More people understand that one person should not be able to use his land in 
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a that ham1s others. people are starting to understand their rights, I can see 

their begin to fade 

66. We have more work to do to stop industrial operations to 

pol luting communities, but we are making 

I declare under penalty of perjury that the foregoing statements are true and 

to the best of my knowledge, information, and belief. 

Executed in 

Muhammad 

24 

ED _001369_00043850-00052 



Exhibit 1 

Exhibit l to Declaration of'Naeema Muhammad 

The Rest of the 
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EXHIBIT 2 

NOTE: Map shows locations of swine facilities operating under the General Permit, as indicated in NCDENR's spreadsheet of permitted animal facilities, 
updated January 10, 2014. 
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DECLARATION OF BEAFORD LEE OUTLAW 

1. My name is Beaford Lee Outlaw. I am of legal age and· 

competent to give this declaration. All of the information herein is based on 

my own personal lmowledge unless otherwise stated.· 

Background 

2. I am African-American. I live at 1445 Sarecta Road in Pink 

Hill, Duplin County, North Carolina. I am eighty-three years old. This 

property is owned by my family. 

3. · I live near several hog houses. There is a hog house a mile 

from my house and another on the other side of my house. 

4. I've been living near hog houses since they were built near my 

home nearly 20 years ago. 

Experience Living Near the Hog Facilities 

5. I am concerned about the hog facilities because it seems like I 

can smell the odor almost everywhere I go. 

6. The hog facilities make it more difficult for me to breath. I 

believe that the hog facilities cause me to sneeze and .my nose to stop up. I 

have a brother who lives next door to me who can hardly breathe. He has 

asthma. He's had this issue for about twenty years, so about the same time 

that the hog facilities have been nearby. 
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7. The hog facilities have a very bad smell. They attract flies and 

the flies cover up my car port. I can't cook outside because of the smell and 

because of the flies. The odor is worse than anything anyone would ever 

want to inhale. 

8. I have had these concerns al;,out the odor, the flies and my 

families' well-being ever since the hog facilities were built-that's been 

about twenty years. 

9. The hog facilities affect the whole community because of the 

odor. People in the community have the same problem as I have; they can't 

have cookouts or spend much time outdoors without flies and odor. 

Activism around the Hog Facilities 

10. If I could change the practices at these hog facilities, I would 

change the way the hog farmers spread the waste out in the fields. Everyone 

can smell it if they're close by. I think the hog farmers should do it a 

different way. 

I declare under penalty of perjury that the foregoing statements are 

true and correct to the best of my knowledge, information, and belief. 

Executed 

Signed: ffe+1 cl ..i'& ~J/2t.U/ 
, Beaford Lee Outlaw 
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Address: 1445 Sarecta Road, Pink Hill, NC 28572 

Addressee: Beaford Lee Outlaw 

Map radius: Approximately I mile 

Source: Google Maps 
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DECLARATION OF STELLA SMITH 

1. My name is Stella Louise Smith. I am of legal age and competent to 

give this declaration. All of the information in this declaration is based on my own 

personal knowledge unless otherwise indicated. 

Backgro·und 

2. I am African-American. I live at 803 S. Jackson Street in Beulaville, 

Duplin County, North Carolina. (See Attached Map). I've lived here for ten years. 

I am sixty-one years of age. 

3. The closest animal operations are about one and a half miles away. 

I also know that there are farms in Hallsville which is about five miles from here. 

4. Before I moved to Beulaville,' I lived on 1388 Sarecta Road in Pink 

Hill, with my son and two daughters. I owned the home. There were hog farms 

near my home there. 

5. I have returned to work as a CNA (Certified Nursing Assistant). I 

work at the Warsaw Health and Rehabilitation center at 1609 Sunchase Drive in 

Warsaw. When I go to work, I travel from Beulaville to Hallsville, through 

Kenansville, and then to Warsaw. I see the hog farms all along the way. They're 

everywhere. 
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Experience with Hog Facilities 

6. I have three children: a son and two daughters. 

7. I raised my family on Sarecta Road in Pink Hill, near hog farms. I 

think my son was affected by living next to the hog farms. He had a lot of health 

problems and it affected his schoolwork. I had to drive him back and forth to the 

doctor in Wilmington a lot of the time. 

8. I noticed the hog and chicken farms when I lived at Sarecta Road in 

Pink Hill. They would spray in the afternoon. When they sprayed, the smell 

would last for about three or four days. They would spray the chicken waste in the 

fields right across the street. It was terrible. 

9. When they sprayed the hog waste, I could smell the waste. I could 

smell the dead pogs on the trucks that passed by, and I could smell the fluid they 

left on the road. I could smell it from miles away. 

10. My children played outside a lot when I lived on Sarecta Road. They 

didn't like that smell at all. When they smelled it, they came back inside. 

11. I liked to dry my clothes outside, but when it smelled outside, I had to 

take my clothes to a laundromat. 

12. My family and I drank from a well when we lived on Sarecta Road. It 

tasted bad, like rotten eggs. I think the hog fmms made the water taste bad. 
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13. I've had allergies my entire life. Sometimes my allergies are worse 

than other times. My allergies are much worse in the winter. Because of my 

allergies, I can't hear out of my ear. Sometimes my eyes are runny. I think the 

hog farms could be contributing to my allergies. 

14. My main concern about the hog farms is the smell. It gets in my hair 

and it gets on my clothes. Other people can smell it on you. It's a terrible smell. 

It makes me sick. I smell it when I'm driving. Even when I roll up my windows, 

the smell still comes in my car. 

15. My grandchildren live in Beulaville, near me. Where I live, we don't 

smell it very much so it doesn't affect them as much when they play outside. 

They're more affected by the smell when their parents take them to play at other 

places around here. 

16. I go to church at Graham Chapel Church in Sarecta. We can smell it 

at the church when they spray. Most of our activities are inside the church. We 

don't have activities outside because we don't like to have to go back inside if they 

spray. 

17. My brothers who like to go fishing can't go fishing anymore because 

there's green stuff that grows in the water. I think the green stuff could be growing 

there because of the waste from the hog farms. 
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18. The hog farms affect our community because we can't have cookouts 

because of the smell and the flies. The smell and the flies are terrible so we can't 

spend time outside. 

Desire to Change the Industrial Hog Farm System 

19. I attend the Rural Empowerment Association for Community Help 

(REACH) meetings. I've been attending for about two years. It's very interesting 

and they're very serious about stopping how hog farms harm people. They have 

speakers from Raleigh and other different places. I try to attend all the REACH 

meetings. 

20. I have a concern about the water we drink and the way the air smells. 

I am concerned about the health of the food we eat. 

21. I don't think it's fair that we have to live in these conditions. 

22. I feel like the hog farms are a civil rights issue. They don't put the 

hog farms where white people live why are they only putting the hog farms 

where black people live? I don't think what they're doing is right. They're not 

being fair about it. 

I declare under penalty of perjury that the foregoing statements are true and 

correct to the best of my knowledge, information, and belief. 
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Address: 803 S. Jackson Street, Beulaville, NC 28518 

Addressee: Stella Smith 

Map radius: Approximately 1.5 miles 

Source: Google Maps 
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DECLARATION OF LATONGIA TYRANCE 

1. My name is Latongia Tyrance. I am of legal age and competent to 

give this declaration. All of the information herein is based on my own personal 

knowledge unless otherwise indicated. 

Background 

2. I live at 1451 Sarecta Road in Pink Hill, Duplin County, North 

Carolina. (See Attached Map). I am fifty-one years old. I live here with my 

mother, Hannah Fullwood. She's eighty-five years old and will be eighty-six on 

September 5th, 2014. I have lived at this address, on and off, for forty-one years 

out of my fifty-one years. 

3. The nearest hog farm from here is about half a mile away. 

4. I also lived at 668 Sarecta Road in Kenansville; there were hog farms 

near there as well. I lived at that address for ten years. The closest hog farm to 

that location was a half-mile away. 

5. I am a CNA (Certified Nursing Assistant). I work part-time, about 20 

hours a week. I travel from one place to another for my work and I encounter hog 

farms when I travel. 

Experience Living Next to the Hog Farm 

6. I have health conditions related to hog farms. When the fields are 

being sprayed, my allergies and sinuses act up. I get sick to my stomach and throw 
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up. When the smell starts, I have to tum on the air conditioning, keep the windows 

up, and I can't hang my clothes outside. It's an awful smell. The smell stays 

around for four to five days when it's raining. I try not to go out when it's like 

this, but I have to because I have to go to work. 

7. I have talked to my family and friends about how I feel about the 

spraymg. I tell my mother that I can't stand this smell. I have to. shut myself into 

the house because every time I come outside, it makes me want to throw up. 

8. I have concerns about air quality. I think that the air we breathe, 

which is polluted from the hog farms, could cause health problems and we would 

not know until later that it caused our health problems. I am concerned for the 

children in my family. I worry about my grandsons. One is eight years old and the 

other is eighteen. I feel like their health is at risk because they are exposed to hog 

farms. One lives in town, in Kenansville, and the other lives in Rockingham. 

They come to visit occasionally. 

9. We have concerns about the property value. I think it would be 

difficult for my mother to sell the house because of the problems from the hog 

farms and the chicken farms. 

10. The chicken houses are really bad. There is one that is very close to 

the house-we can see it from our window. The chicken houses smell bad because 

of the chicken litter piled up. They gather it up in the truck and they go out and 
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spray it up and down in the fields. You know when they're spraying it over the 

fields because everything is going in your nose if you have your window down. 

They spray it when it's still dry so it ends up blowing in your house, in your car, on 

your clothes, and in your nose. I stopped drying my clothes outside and now I 

have to spend money to dry my clothes. I have to spend money to spray my house 

because of the odor. I have to spend more money keeping the air conditioner on so 

I don't have to smell that bad smell. 

11. I only dry my clothes out on the line in the winter because the smell 

isn't as bad from the hogs and the chickens. It's still there in the winter time, but 

it's not as bad because they're not producing as much. In the spring, the summer, 

and the fall, it just stinks-the smell from the hog and chicken farms is sickening. 

In the summertime, there's more heat and the wind blows and it carries the smell. 

12. In the summer, the smell from the hog farms affects how much time 

we spend outside. We'd like to have cookouts or play outside with my grandkids, 

but when they start spraying my grandson will say, "It stinks out there. I'm ready 

to go home." We have to find somewhere to take him so he can play or we have to 

go inside. We would have to go somewhere like Jacksonville or we'd have to 

spend money to do activities inside to keep him from breathing that bad air. 

13. The smell is much worse than it used to be because it seems like 

they're spraying hog waste and spreading more chicken waste than they used to. 
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14. I've lived here most of my life and it didn't use to be this bad. The 

Black farmers used to have their hog pins and their hog pastures far away in the 

woods. Now these new farmers have them right next to the road where everyone 

can see them-and smell them. I started to notice the hog farms being closer to 

where we lived about ten years ago. I started noticing the spraying when I started 

smelling it. This was when my husband and I moved back from Jacksonville, ten 

years ago. 

15. The only time I can go outside is when I go within the city limits. 

Then I can go outside and go to a cookout with family or friends. We can't have 

cookouts around here because we have to wait three or four days after they spray. 

We don't know when they're going to spray, but we do lmow that we have to wait 

that long before we can do anything because the smell is unbearable. We can't 

have cookouts when the smell is bad because of the flies. The flies are really bad 

for those three days after they spray. They cover the windows and we have to 

make sure we shut the door and there aren't any holes in the screen door because 

the flies will come in. It's a nuisance to deal with the smell, the flies, and the 

throwing up, because the smell is so sickening. We can't sit out on our porch and 

laugh and talk with family. 
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Advocacy Against Industrial Hog Farms 

16. I have never tried to advocate with others to make this situation better. 

I'm going to start going to Rural Empowerment Association for Community Help 

(REACH) meetings in Warsaw. They advocate to make life better for people that 

live around hog farms. 

17. I'm worried about my grandchildren because their immunity may not 

be as strong as ours is. They could get sicker than me from the hog farms. 

18. I wish that they could control the smell. I would like to go back to my 

normal life and live comfortably. 

19. I believe that industrial hog farming is a civil rights issue. The farms 

are located in Black neighborhoods and poor areas. 

I declare under penalty of perjury that the foregoing statements are true and 

correct to the best of my knowledge, information, and belief. 

Executed 
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Address: 1451 Sarecta Road, Pink Hill, NC 28572 

Addressee: Latongia Tyrance 

Map radius: Approximately 1 mile 

Source: Google Maps 
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DECLARATION OF BENNIE WALLACE 

1. My name is Bennie Wallace. I am of legal age and competent to give 

this declaration. All of the information in this declaration is based on my own 

personal knowledge unless otherwise indicated. 

Background 

2. I live at 233 Sarecta Road in Kenansville, Duplin County, North 

Carolina. (See Attached Map). I own my home and I have lived there for six 

years. Before I moved back to Kenansville, which is where I'm from originally, I 

lived in Brooklyn, New York. 

3. I am African-American. I am seventy-four years old. I retired from 

driving trucks in 2005, and spend a lot of my time at home. 

4. The nearest hog farm from my home is about half a mile away, right 

across the field. 

5. I talk with neighbors about that hog fa1m and how it smells-and 

what we could do about it. I attend the Rural Empowe1ment Association for 

Community Help (REACH) meetings to learn about what's happening and to find 

out if there is anything that we can do about it. 

6. I enjoy hunting. Every year I hunt from October to New Year's. I 

have a hunting dog. When I go hunting, I am about 50 feet from the hog farm that 

is closest to where I live. It smells even worse when I am so close to it. 

1 

ED_ 001369 _ 00043850-0007 4 



7. I have well water but I don't drink it-it's polluted. If it rains a lot, I 

can smell the hog waste in my well water, so I don't drink it.. In 2009, I had my 

well water tested and I was told that it was not safe to drink. At that point, I 

decided to buy water. I spend about $10 a week on bottled water. I spend $5 

dollars on a case and I buy two cases every week. 

8. Because of the smell from the hog fa1ms, I rarely go outside. The rain 

brings the smell around. I used to smell it every day depending on how the wind 

was blowing. 

9. I can't keep the windows open in my home because of the smell from 

the hog farms. I can also smell the hog fa1ms at the senior citizen building that I 

go to in Kenansville, on Routledge Road. There's a hog farm about a mile away 

from there. Between the chicken farms and the hog farms, it smells really bad. 

10. I wish they would change how they spray the waste and how they 

maintain the open lagoons. I wish they'd close the hog farms. 

11. African-Americans are more affected by the hog farms because the 

hog facilities are located in the Black people's communities. 

12. I never expected to face the problems from the hog farms when I 

moved back from Brooklyn to North Carolina. When I moved away there weren't 

big hog farms like this. Now that I've come back home, the area is surrounded by 

them. 
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I declare under penalty of pe1jury that the foregoing statements are true and 

. correct to the best of my knowledge, information, and belief. 

Executed in/( IS' /V ,4./U) tf f LL~~ Carolina on AugusJ CJ , 2014 

signed,/!;~&)~ 
Bennie Wallace · 

'· 

3 

ED _001369 _00043850-00076 



Address: 233 Sarecta Road, Kenansville, NC 28249 

Addressee: Bennie Wallace 

Map radius: Approximately I mile 

Source: Google Maps 
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DECLARATION OF SANDRA WALLACE 

1. My name is Sandra Wallace. I am oflegal age and competent to give this 

declaration. All of the information herein is based on my personal knowledge unless otherwise 

indicated. 

Background 

2. I am a 47-year old African American woman. 

3. I live at 65 Alexander Road in Clinton, North Carolina. I live with my daughter, 

Roxanne Carroll, and my partner William Carroll. My daughter is 25 and William is 52. I have 

lived here for 30 years. I own the land and my home. 

4. I grew up in North Carolina and have lived in this area all of my life. 

Experience Living Near Hog Facilities 

5. There are at least one hog facility and two sprayfields very close to my home. 

The hog houses are across the street from my home. There is a sprayfield across the street and 

another in the woods behind my home. 

6. A map showing my house and the surrounding hog facility and sprayfields is 

attached as Exhibit 1. Maps showing the many hog facilities near my house are attached as 

Exhibits 2-3. 

7. My daughter was born early. She was about 2.4 pounds when she was born. She 

has cerebral palsy and asthma. Her sinuses are very bad and she has bad allergies. If she's 

around a hog facility, I can tell it is having an impact. 

8. The odor from the hog facilities in this area is bad. The facility near me sprays 

two to three times a week. When I see the irrigation pump, I can smell the scent of hog waste. 

The more the pump moves down the road, away from us, the better off we are. 

I 
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EXHIBIT 1 
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EXHIBIT 2 
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EXHIBIT 3 

NOTE: Map shows locations of swine facilities operating under the General Permit, as indicated in NCDENR's spreadsheet of permitted animal facilities, 
updated January 10, 2014. Circle shows permitted swine facilities within a 3 mile radius of Sandra's home, as calculated by Google Earth Pro. 
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DECLARATION OF LUBY C. WATERS 

1. My name is Luby C. Waters. I am of legal age and competent to give 

this declaration. All of the information in this declaration is based on my own 

personal knowledge unless otherwise indicated. 

Background 

2. I am African-American. I am a member of the Rural Empowerment 

Association for Community Help, also known as REACH. I joined REACH in the 

fall of 2005 when I got involved with REACH's Duplin Environmental Health 

Awareness Project. Since November 2005, REACH has held monthly planning 

meetings for the Duplin Environmental Health Awareness Project. I decided to . 

attend the meetings to learn about environmental health issues in my area, and to 

see if I could do something about the terrible smell from the industrial hog 

operations in the neighborhood. I also help cook and serve meals for the meetings. 

I have continued to attend the planning meetings from the beginning, whenever I 

can. 

3. I live at 406 South Dobson Chapel Road in Kenansville, Duplin 

County, North Carolina. (See Attached Map). I live with my wife, Judy. I have 

lived here for more than 20 years, and my wife and I own our home. · There are 

several farms within a half mile of my home. 
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Problems living near Industrial Hog Farms 

4. Since the day we moved in, we noticed the smell from the industrial 

hog operations. The closest hog facility to my house is less than a mile away. 

Within four miles, there are other large operations. 

5. I think the smell comes from the facilities that are on the other side of 

Route 50 from my house. I can smell the hog waste while I'm driving to-and-from 

my home. Even if I have the windows up and the air conditioning or heating is off, 

the smell is intolerable. 

6. The lagoons make the air smell terrible. It's much worse when the 

facilities scrape the bottom of the lagoons-I see it when they spray it in the fields 

and it looks blue. The smell is much stronger. 

7. I can often see the spray when it's released. The sprayer shoots a 

stream of liquid in the air. The hog facility that is close by has a big operation. I 

can tell this because his lagoon is located right in front of his hog house, while 

most of them are behind the hog houses. This makes the smell stronger than the 

other hog facilities. 

8. My wife and I don't hang out laundry to dry because we don't want 

the scent of the hog waste to get in the clothes. We keep the windows closed to 
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keep out the smell, but even with the windows closed, the smell gets in the house. 

I'd like to have the windows open on nice days, but the smell is too unbearable. 

We also don't cookout very much either, because we don't want to be outside. 

Even if I keep the windows closed, the smell gets in my house. 

9. We never know what days the smell is going to be at its worst. If the 

wind is blowing west-to-east, we are directly affected by it, but if the wind is 

blowing north-to-south, it won't affect us as much. We have noticed, however, 

that it smells worse right before it rains. 

10. I like to garden. I plant all kinds of vegetables, including potatoes, 

onions, collards, turnips, and butter beans. But I can't spend as much time outside 

gardening as I'd like. Sometimes, when the wind is just right (blowing west-to

east), the smell from the hog facilities hits me and I have to go inside. 

11. About 15 years ago, Duplin County officials came by our place and 

put us on a metered well. When we had the well, the water would often overflow. 

Water would bubble up out of the ground all day long because the ground was so 

saturated. We live right over a spring running under our house so if you were to 

put a hole in the ground, you'd get water coming out of it. 

12. In 1999, Hurricane Floyd came through and the area flooded. After 

the flood, officials hooked us up to city water. During the flood, all the water came 

out of the lagoons and the spill over-contaminated the wells. There was talk about 
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it in town. That's when county officials hooked us up to the city water supply. 

Even after Hurricane Floyd however, some people are still using their well water. 

I wanted to be hooked up to city water. I knew that sooner or later, the wells were 

going to get contaminated. Where my wife and I live now, we have well water 

access, but the county officials don't want us to drink it- they won't tell us why. 

13. I enjoy spending time outdoors. I fish and hunt in the woods near 

where I live both for sport and for food for my family. 

14. I used to enjoy fishing in Stocking Head Creek, near where the Creek 

flows beneath Stocking Head Road Bridge. There are industrial hog facilities all 

along Stocking Head Creek. I used to fish in Stocking Head Creek every week in 

the springtime. I used to catch pike, bass, perch, and blue gills. Then one day a 

few years ago, when I was fishing in Stocking Head Creek, I saw a dead hog 

caught in some of the bushes in the water. I was shocked and upset, and became 

concerned about water quality. Then I noticed that the water looked dirty and there 

was white foam on the surface. Then I remembered that I had caught fish here 

with sores on them. I had thought that the fish might have been bitten by other 

fish, but from talking with others at REACH, I now know that the fish were likely 

affected by lagoon wastewater runoff. After seeing the dead hog in the water, I 

decided I would never fish in Stocking Head Creek again. 
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15. I also don't fish in the Cape Fear River anymore because the polluted 

creeks run into the river. I am concerned that there is hog waste contaminating the 

river so I stopped fishing here. I've also seen dead hogs in the river, which I know 

must contribute to the poor water quality. 

16. I also used to enjoy hunting near Stocking Head Creek, close to where 

the Creek passes beneath Stocking Head Road Bridge. I used to catch squirrels, 

deer, and raccoons. But, when I saw a dead hog in Stocking Head Creek and 

realized how dirty the water was, I understood that the animals I hunted might also 

be sick and unsafe to eat. From that day forward, I decided I would stop hunting 

near the Creek. If I hunt anywhere else, I have to wear a mask because of the 

smell. 

Health Issues 

1 7. I have some health problems that I think might be affected by the hog 

facilities. In the early 1990s, I was hospitalized for 21 days for a bad case of 

pneumonia. While I was in the hospital, my lung collapsed. I'm worried about my 

lungs. I've been coughing on and off for the past three years, and I'm worried that 

my lung might collapse again. Sometimes my coughing keeps me up at night. I 

cough more when the smell from the hog operations is at its worst. 
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18. I also have high blood pressure. I've been taking medicine for my 

high blood pressure for 10 years. I understand that, living near hog facilities can 

increase my blood pressure, and this worries me. 

19. My wife is not very well. She is on a lot of medicine and coughs a 

lot. I am worried that it is not good for he~ to live near these hog facilities. 

20. I've never seen anything like these industrial hog fanns before I 

moved here, to Duplin County. I think more African Americans are affected by 

the hog facilities because I see most of the hog facilities concentrated in mainly 

African-American communities. I wish it could be stopped altogether. 

21. I used to do advocacy against the hog fatms and I've done interviews 

about the hog farm smell. This was approx_imately eight or nine years ago. 

I declare under penalty of perjury that the foregoi:p.g statements are true and 

correct to the best of my knowledge, infonnation, and belief. 

Executed m'i)~ ~ i:iorth Carolina on August 3b, 2014 

6 

ED_ 001369 _ 00043850-00090 



Address: 406 S. Dobson Chapel Road, Kenansville, NC 28349 

Addressee: Luby Waters 

Map radius: Approximately 2 miles 

Source: Google Maps 

ED_ 001369 _ 00043850-00091 



Exhibit 37 

ED_ 001369 _ 00043850-00092 



n 

(Tollefson et al., 1999; Teale, 2002). North Carolina is second in swine 

production in the USA with nearly 10 million animals raised on more than 3,000 farms 

(predominantly in the eastern coastal plain regions of the state). The porous soils and 

seasonally high water tables of this region can cause underlying groundwater to be 

vulnerable to surface contamination from a variety of sources including human and 
animal wastes. Previous studies have documented groundwater contamination by nitrates 

in the vicinity of swine farms, especially near the anrerobic lagoons in which swine 

waste is stored prior to periodic land application of the lagoon liquid (Stone et al., 1998). 
Little is known about the extent to which swine farm wastes pose enteric microbial con

tamination risks to groundwater. 
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(Edberg et al., 1997; WHO, 2004). The half-life of 

(Edberg et al., 1997). 

(CDC, 2002). Approximately half of the antibiotics produced 
globally flow into the agriculture industry and are used for infections and as growth 
promoters. High percentages of antimicrobial resistant bacteria in livestock waste and 
human exposure to agricultural animal faecal bacteria via food and occupational exposure 
have been documented (McDermott et al., 2002). The range of pathways of exposure to 
these resistant bacteria must be established. Waterborne exposure is a possibi I ity through 
drinking and recreational water that is contaminated with farm-origin antimicrobial resist

ant bacteria. The stability of resistant strains of bacteria in the environment has been 
demonstrated (Marshall et al., 1990). Pigs were inoculated with an antimicrobial resistant 
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(APHA, 1998). 
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(Fanuel, 1999) revealed that the chemistry in this well was under 
reducing conditions, and this study confirmed low pH (4.5--5.2) and very low dissolved 
oxygen levels ( 
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purdue.edu/depts/bms/courses/bms514/chmrx/chmrxtithtm#Protei n%20Synthesis%20 I nhi bi tors 

Agricultural Research Service. 
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PREFACE 

The Blue Ribbon Study Commission on Agricultural Waste was authorized by Part IV of 
Chapter 542 oftheJ995 Session Laws. The relevant portions of chapter 542 are included 
in Appendix A. The Commission Notebook Containing the Commission minutes and all 
information presented to the Commission in filed in the Legislative Library. The 
Commission was Chaired by the Honorable Tim Valentine and Dr. Ernest A. Carl. The 
Full membership of the Commission is filed in Appendix B of this report. 
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I. INTRODUCTION 

The Blue Ribbon Study Commission on Agricultural Waste was created by the 1995 
General Assembly to study "the effect of agriculture waste on groundwater, drinking 
water, and air quality". The driving force behind its formation was the rapid growth 
of swine" farming in the State, particularly in Eastern North Carolina. The expansion 
of these farms has brought tremendous economic growth to areas of the State that 
have long suffered from stagnant economies and marginal job opportunities. As the 
numbers of intensive livestock operations have increased, however, so have concerns 
about their impact on water quality and on the quality of life for those living in close 
proximity to the farms. The Commission looked long and hard at these 
environmental and socioeconomic issues. To appreciate the context of the 
Commission's analysis, it is useful to consider several trends that have brought North 
Carolina agriculture to its present state. 

Trends in Agriculture. The major trends evident in recent decades can be summed in 
three words: depopulation, capitalization, and consolidation. Since 1945 the 
population engaged in farming has continuously diminished, falling to less than two 
percent of the population. As the number of farms has fallen, acres of cultivated 
cropland also have declined. During this same period, farm operations have become 
more capital intensive, and productivity has increased dramatically. Average farm 
size has continued to grow, reaching 160 acres in 1995. By 1992, seventy-five percent 
of the value of North Carolina agricultural products were coming from ten percent of 
the farms. But many states have participated in these background trends. What 
distinguishes North Carolina's experience are the simultaneous changts in the 
composition of its agriculture. During the mid 1980s, animal agriculture surged past 
crop production to reverse the historic relationship of these two sectors. The growth 
in animal agriculture is owed to two subsectors: swine and poultry. 

In contrast, dairy's share of agricultural production has continued a long-term 
decline, while beef has been a relativ~ly stable performer in recent years. North 
Carolina broiler production, which has climbed steadily since the late 1950s, reached 
644 million in 1994, when it surpassed tobacco sales to become the State's number 
one agricultural commodity. 

Hog production expanded rapidly between 1991 and 1995, when the swine inventory 
rose from 2.7 million head to 7.5 million head: an average annual growth rate of 
nearly thirty percent. This record propelled North Carolina from a rank of sixth 
among the states to a number two ranking behind only Iowa. Production growth has 
been concentrated, both in the sense that a limited number of counties have been 
affected and in the sense that a limited number of -producers have accounted for a 
lion's share of the increased production. During this period, the number of hog 
farms actually declined, while large, intensive operations raising thousands of animals 
in confined areas expanded. The economic effect in impacted areas was tremendous. 
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Sampson County raised its per capita income level from eighty-three percent of the 
Sfate average to one hundred two percent (102%) of the State average in just the five 
years between 1988 and 1992. Duplin County went from seventy-eight percent to 
ninety-two percent over the same interval. The economic performance of the 
livestock and poultry sectors is cause for enthusiasm among beneficiaries. However, 
the increased animal inventory has been accompanied by a concomitant increase in 
animal waste. Complaints about the effects of increasing numbers of swine farms 
triggered the introduction of legislation in both the 1993 and 1995 Sessions of the 
General Assembly. A lagoon failure in June 1995 focused the public's attention on 
the attendant water quality issues. 

Water Quality Regulations. Until recently, animal waste was a topic that occupied 
only a few paragraphs from the thousands of pages of State and federal 
environmental regulation. Federal rules specifically define large "concentrated 
animal feedlots" (inventories greater than 1,000 cattle; 2,500 swine; 10,000 sheep) as 
point sources, implying that they should be regulated under the same National 
Pollution Discharge Elimination System (NPDES) that issues permits for industrial 
and municipal wastewater discharges. 

Beyond that specific mention, farms at a lesser scale are presumably prohibited along 
with all other enterprises from introducing pollutants. to navigable waters through 
"discrete conveyances" that is, point sources, except under color of a permit. 
However, the environmental impact of farming is generally believed to be from 
runoff from pastures, fields, and feedlots, rather than from the point source discharge 
of pollutants. 

Federal law largely leaves the regulation of these nonpoint sources to the states. 
Agriculture's potential impact was only recognized when states began to look 
seriously at "nonpoint source'' pollution as a cause of persistent water quality 
problems. 

Historically, animal waste management systems in North Carolina were "deemed 
permitted" so long as they were operating without discharging pollutants to surface 
waters. However, rapid expansion of the swine industry in Eastern North Carolina, 
together with water quality problems attributed to the dairy industry in the Piedmont 
and mountain areas, pointed to the need for additional regulatory control. In the 
early 1990s, North Carolina regulators deftly bypassed practical arguments about 
whether animal agriculture should be regulated as a point source or a nonpoint 
source or both, and legal arguments about the limits of federal law by including 
animal waste management as a category of activity requiring a "nondischarge permit". 

The nondischarge program is a State government innovation. It requires State 
permission to handle or dispose of waste that cannot legally be discharged into a 
waterway on grounds that, if a discharge did occur, it would be injurious to water 
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quality. Farms raising livestock were made subject to State nondischarge rules (see 
15A NCAC 2H. 0200, popularly known as the .0200 rules). Animal farming 
operations that have fewer than 100 head of cattle, 75 horses, 250 swine, 1,000 sheep, 
or 30,000 birds using wet waste management systems are simply deemed to be 
permitted without meeting any new requirements. Those operations with stocks 
above those thresholds are also deemed permitted, but only if they develop and 
follow approved waste management plans that incorporate best management practices 
promulgated by the North Carolina Soil and Water Conservation Commission or the 
United States Department of Agriculture. 

To retain deemed permitted status after December 31, 1997, farmers must have 
supplied the Division of Environmental Management (DEM), a State agency, with a 
form assuring that their plan has been reviewed and certified. New or expanding 
livestock facilities must obtain certified animal waste management plans prior to 
stocking animals. Animal operations that were functioning prior to February 1, 1993, 
referred to as "existing operations", are treated differently than those that came on 
line after that date. Existing animal waste management systems must meet operating 
and maintenance standards. They are not required, however, to meet facilities design 
and construction standards. 

Obviously, the animal waste management plan is the keystone in this regulatory 
system. The animal waste management plan includes four basic elements that are 
prepared on a site-specific basis. The elements are: (1) waste collection, (2) waste 
storage, (3) waste treatment, and ( 4) waste application. Each element of the plan 
requires the implementation of one or more agricultural "Best Management 
Practices" or "BMPs". 

BMPs are a set of measures believed on the basis of field experience and scientific 
measurement to reduce nonpoint pollution. BMPs include such items as grassed 
waterways, filter strips, and terracing: traditional conservation techniques that have 
been subsidized by the State through some form of cost-sharing. Agricultural BMPs 
are not generally defined; however, the Soil and Water Conservation ·commission has 
been charged with developing a list of acceptable BMPs that may be used in 
developing certifiable plans under the .0200 rules. It is worth noting that North 
Carolina has funded BMPs aggressively since 1984, when the Agriculture Cost Share 
Program for Nonpoint Source Pollution Control was created with a $2.0 million 
appropriation to encourage soil loss prevention and minimize sedimentation. By 
1995 funding had grown to $8.2 million, and more than 2,000 farmers were receiving 
reimbursement of up to seventy-five percent of the cost of practices designed to 
protect soil and water, including improved animal waste management. 

Qualified technical specialists designated by the Soil and Water Conservation 
Commission must certify that each element of the animal waste management plan 
meets standards set forth in the Technical Guide published by the Natural Resource 
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Conservation Service, United States Department of Agriculture. BMPs approved for 
use in the Agriculture Cost Share Program for Nonpoint Source Pollution Control 
are also approved for use. The standards cover both the design of facilities, like 
lagoons or storage pits, and the operating specifications, such as "agronomic" waste 
application rates that avoid overloading the absorptive capacity of spray fields. 
Buffers must separate both the spray fields and storage of treatment facilities from 
perennial streams. 

The preparation and certification of animal waste management plans to meet the 
nondischarge rules has been a troublesome exercise. Technical specialists include 
representatives from the Soil and Water Conservation District Offices, Cooperative 
Extension agents, staff of the Natural Resources Conservation Service, and 
professional engineers. Interpretations of the rules and rule requirements vary among 
the agency representatives. The result has been confusion among the regulated 
community and delays, both by farmers in seeking assistance to obtain certification of 
animal waste management systems and by local technical specialists who are reluct:rnt 
to certify that plans meet the no discharge standards. 

Other Laws and Regulations. In addition to water quality regulations, there are other 
requirements scattered throughout the North Carolina General Statutes that impact 
on the operation of livestock facilities. During the 1995 Session, Senate Bill 974 was 
ratified, adding a new Part to Article 21 of Chapter 143 of the General Statutes. 
Senate Bill 974 requires the Division of Environmental Management, in cooperation 
with the Cooperative Extension Service, to develop and administer a training and 
certification program for animal waste management operators on swine farm5. Each 
applicant is required to complete at least six hours training and pass an examination. 
As of January 1, 1998, only a certified operator may apply animal waste to the land. 
As is indicated by the descriptions above, the livestock industry is regulated largely at 
the State level. Resources available to local governments to control the burgeoning 
livestock industry are limited. County public health departments may enact 
ordinances affecting the operation of livestock farms; however, $UCh ordinances must 
have a public health basis. A few counties have imposed :.moratoriums on the 
construction of new swine farms. These moratoriums are grounded in the general 
police power delegated to the counties by the General Assembly. 

One of the primary tools a county may use to plan for orderly growth within its limits 
is zoning. Bona fide farms, however, are exempt from county zoning authority. The 
General Assembly has attempted to deal with the issues spawned by the proliferation 
of swine farms by enacting legislation during the 1995 Session that provides statewide 
minimum setbacks for swine farms. The General Statutes now provide that swine 
houses and lagoons on farms sited after October 1, 1995, must" be situated at least 
1,500 feet from any residence, 2,500 feet from any church, school, or hospital, and 
100 feet from any residential property line. The statutes further require a minimum 
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50-foot buffer for land application of wastes from the boundaries of residential 
property and perennial streams. 

The North Carolina General Statutes also contain "right to farm" provisions. These 
statutes were enacted in recognition of the conflicts that arise when nonfarm uses 
extend into agricultural areas. Their intent is to reduce the loss of agricultural 
resources by limiting the circumstances under which they can be declared a nuisance. 
No agriculture or forestry operation that was not a nuisance at the time it was,begun, 
may become a private or public nuisance by virtue of changed conditions in the area 
after it has been in operation for one year. The exception does not apply where 
nuisance results from the negligent operation of the facility. 

Issues Addressed By the Commission. The Commission spent several months 
identifying and sorting issues that appeared most central to its charge. Generally, 
those issues fell into four categories. The first area of concern was the adequacy of 
program management. For example: Is there coordination and consistency among 
the several State and federal agencies that have roles in the regulation of animal 
agriculture? Are agencies dedicating sufficient manpower and other resources? Do 
they have realistic plans for completion of the certification process by the 1997 
deadline? 

The second broad issue was the adequacy of the standards that are being applied 
through the nondischarge program. For example: Do the specifications for lagoon 
design realistically address the potential for emergencies? Should land or buffer 
requirements be explicitly based on risk of environmental damage? Are there 
satisfactory safeguards against groundwater contamination from seeping storage pits? 
Should animal operations be subjected to local zoning control as well as State 
environmental regulations? 

The third general category was the adequacy of enforcement and compliance. For 
example: Should the "deemed permitted" approach be replaced with a more 
aggressive regulatory design? Should animal waste management systems be 
inspected? If so, how often? 

The last area of concern was the necessity for future research initiatives. As has been 
noted above, there is a serious lack of data on the impact of intensive livestock 
operations on groundwater supplies. Further information is also needed to identify 
nonpoint sources of nitrates and to direct regulatory efforts toward nutrient control in 
a cost-effective manner. Finally, it is clear that vigorous efforts need to be 
undertaken to develop new animal waste management technologies to protect the 
environment and improve the quality of life for those living in close proximity to 
livestock farms. 

5 

ED_001369_00043850-00114 



The findings and recommendations adopted by the Commission do not exhaust all of 
the issues that were taken up under the cited categories. In some cases, members felt 
that they had insufficient information to reach conclusions. In other cases, members 
became well informed but could not reach agreement. Responding to public opinion, 
members focused upon animal waste as opposed to the more general topic of 
agricultural waste, and discussion naturally gravitated toward swine farming because 
of the controversy attending their rapid growth during recent years. 
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II. FINDINGS AND RECOMMENDATIONS 

As noted in the introduction, the Commission made extensive findings and 
recommendations in four areas: The adequacy of program management, the 
adequacy of standards, the adequacy of compliance and enforcement, and future 
research initiatives. The following contains a narrative of the findings made by the 
Commission on each issue, followed by the recommendations based upon those 
findings. 

A. ADEQUACY OF PROGRAM l\,IANAGEMENT 

Through testimony received in public hearings and evidence presented by State and 
federal personnel, the Commission learned that issues of program management 
continue to plague government agencies involved in regulation of intensive livestock 
operations. Many of the problems are routine travails of bureaucracy that would be 
overlooked in other circumstances, however, the urgency and scale of public concern 
about agricultural waste policy magnifies administrative weaknesses. Unless steps are 
taken to address these weaknesses, confidence will erode both among interested 
citizens and among members of the regulated community. 

Agencies from all three levels of government have some hand in the regulatory 
system. From the federal level, the Natural Resource Conservation Service (NRCS) 
within the Department of Agriculture (USDA) has a direct role as a provider of 
technical assistance to farmers, while the Environmental Protection Agency (EPA) 
has an indirect role as administrator of federal environmental programs. At the State 
level, the Division of Environmental Management (DEM) and the Division of Soil 
and Water Conservation (DSWC), both agencies within the Department of 
Environment, Health, and Natural Resources (DEHNR), have direct roles: the first as 
an environmental regulatory agency and the second as a provider of both technical 
and financial assistance to farmers. 

The North Carolina Department of Agriculture (NCDA) and the North Carolina 
State University Cooperative Extension Service (CES) are State-level agencies that 
provide technical assistance, training, and laboratory services to farmers. At the local 
level, Soil and Water Conservation Districts (SWCDs) allocate cost-sharing resources 
and provide technical assistance to farmers. 

At present there is no single deliberative or authoritative body that represents the 
combined efforts of these agencies. Attempts to harmonize policy information being 
distributed to farmers have been partially successful, however, contradictions remain. 
Obvious confusion and disagreement over the meaning of such key concepts as "no 
discharge of pollutants" gives the regulations a tentative quality not encouraging to 
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farm operators, for whom compliance may mean a long-term investment m 
equipment or land. 

A-1. "ZERO DISCHARGE" STANDARD 

The interpretation of the zero discharge requirement under the .0200 rules is 
significant and has important implications. "No discharge of pollutants" is often 
confused with and used interchangeably with "no discharge of water". "Animal 
waste management system" is defined under the .0200 rules as "a combination of 
structural and nonstructural practices which will properly collect, treat, store, or 
apply animal waste to the land such that no discharge of pollutants occurs to surface 
waters of the State by any means except as a result of a storm event more severe than 
the 25-year, 24-hour storm" .1 This language is interpreted by some technical 
specialists as establishing a performance standard rather than a technology standard. 
Technical specialists justifiably are reluctant to sign the certification statement for an 
animal waste management plan because of the lack of clarity regarding the 
interpretation of the zero discharge requirement and their concern regarding 

--- . potential legal liability. The current slow pace of certification of animal waste 
management plans is in part caused by the confusion surrounding the meaning of "no 
discharge". 

Recommendations 

1. The "no discharge" requirement under the .0200 rules should be clarified by the 
Environmental Management Commission as to whether it is a performance 
standard or a technology standard so that technical specialists can determine 
what discharge limitation the animal waste management plans they certify m nst 
satisfy. 

2. The Environmental Management Commission should amend the definition of 
animal waste management system under the .0200 rules as necessary to give "no 
discharge" a meaning that is economically practical and technologically 
achievable. 

A-2. REGULATORY CONSISTENCY 

An animal waste management plan must be certified by a technical specialist. Some 
technical specialists are employees of the Soil and Water Conservation Districts 
(SWCD), some are employees of the Natural Resources Conservation Service 
(NRCS), some are employees of the Agronomic Division of the North Carolina 

1 15 NCAC 2H.0203(3). 
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Department of Agriculture (AgrD). and others work for the North Carolina State 
Cooperative Extension Services (CES). (Private professional engineers also can serve 
as technical specialists.) AgrD also provides technical assistance to farmers in 
developing waste utilization plans. 

Involvement by these various agencies can easily lead to uncertainty and confusion 
within the regulated community. Currently, personnel from NRCS, DSWC, AgrD, 
and CES do not provide uniform interpretation of the .0200 requirements for 
certification of animal waste management plans. A single reliable source of 
information and assistance is vital. Operators and technical specialists need to be 
kept informed of new interpretations and revised procedures that affect the 
certification process. Interagency training is needed in some instances. 

Further, interagency teams are needed to provide uniform strategies for operators to 
meed the certification deadline. Communication among operators, technical 
specialists, NRCS, DSWC, CES, AgrD, and DEM is often inadequate to facilitate the 
certification process. [ndustry can and should assist the education and 
communication processes. 

Recommendations 

1. This Commission endorses the interagency group formed in February 1996, 
which consists of two representatives from each of four agencies: NRCS, DEM, 
DSWC, and CES. Two representatives from the North Carolina Department of 
Agriculture should be added to that group. The interagency group should 
address questions from technical specialists, publish its decision on a regular 
basis, and remain in existence until such time after December 31, 1997, that the 
Secretary of Environment, Health, and Natural Resources determines the 
interagency group is no longer needed to resolve issues related to certification of 
animal waste management plans. 

2. Establish a county team in each Soil and Water Conservation District (SWCD). 
Each team should consist of a technical specialist from each of three agencies: 
NRCS, DSWC, and CES. 

3. Establish regional animal waste teams that include representatives from the 
following agencies: NRCS, DSWC, CES, and NCDA. The regional teams 
should analyze county needs and coordinate whatever assistance regarding the 
.0200 rules is needed. : 

4. The Natural Resource Conservation Service, the Division· of Environmental 
Management, the Division of Soil and Water Conservation, the Agronomic 
Division, NCO A, and the Cooperative Extension Service should update the 
Guidance Document. a memorandum from NRCS, DEM, DSWC, and CES, and 

9 

ED_001369_00043850-00118 



circulate the updated version to all technical specialists, including private and 
industry technical specialists. 

5. Before June 1, 1996, NRCS, DSWC, CES, and the NCDA should conduct joint 
on-site animal waste training for all technical specialists to ensure consistent, 
quality work. Leadership for NRCS, DEM, DSWC, CES, and NCDA should be 
present to explain what is expected of the technical specialists and to empower 
them to use their best judgment in designing animal waste management systems 
without fear of being second guessed or overruled. 

A-3 .. 0200 CERTIFICATION DEADLINE 

Many operators subject to the .0200 rules are unsure that the December 31, 1997, 
deadline to have an approved animal waste management plan will be enforced. A 
perception exists among operators that public pressure will force more changes that 
will render today's certification invalid. If a large number of operators wait until 
shortly before the December 31, 1997 deadline to initiate the certification process, 
Natural Resources Conservation Service, Division of Soil and Water Conservation, 
and Cooperative Extension Service will be unable to provide adequate or timely 
technical assistance. Lack of engineering assistance is a particular concern of 
operators. There is little incentive to encourage operators to initiate the certification 
process well before the deadline. 

Current funding for technical support for design, inspection of construction, and 
testing of animal waste management systems is adequate. 

Current funding for the Agriculture Cost Share Program for Nonpoint Source 
Pollution Control is inadequate to accomplish the certification of animal waste 
management plans by December 31, 1997. The current limitation on the 
disbursement of agriculture cost-share funds is not justified and hinders the 
certification process. 

Recommendations 

1. Do not relax the .0200 rules by postponing the December 31, 1997 certification 
deadline. Communicate this position to all operators of intensive livestock 
operations. 

2. All operators should be advised to contact their SWCD by September 1, 1996, 
and initiate the certification process. Those who meet this deadline should be 
given high priority to receive technical assistance; those who do not should not 
be assured technical assistance by the December 31, 1997 deadline. The 
Environmental Management Commission should be authorized to enter into 

10 

ED_001369_00043850-00119 



special agreements or special orders so that operators who register by the 
September 1, 1996 deadline and make a good faith effort to meet the 
certification requirements by December 31, 1997 will not be held in violation of 
the .0200 rules. The special agreement should set forth an enforceable schedule 
that would bring the operator into compliance. The Environmental 
Management Commission should strictly enforce the penalties available against 
those operators who fail to sign up or otherwise fail to make a good faith effort 
to be certified by the deadline. 

3. The assigned technical specialist should present the operator with a timetable to 
accomplish the steps of certification. This timetable should be specific to the 
circumstances of each operator. The timetable should include a deadline for the 
technical specialists to arrive at design alternatives for that operation and a 
deadline for the operator to make a design decision. The same process should 
follow until implementation is complete. 

4. Appropriate funds to the Division of Soil and Water Conservation for technical 
support to producers. These funds should be used for design, inspection of 
construction, or testing of animal waste management systems that are needed for 
certification under the .0200 rules. 

5. The animal agriculture industry should be more aggressive in education and 
coordination efforts on certification under the .0200 rules. 

6. Appropriate $3,800,000 to DEHNR for the Agriculture Cost Share Program for 
Nonpoint Source Pollution Control and remove the current $15,000 annual cap 
and substitute a $75,000 total cap for funds received by a recipient under this 
program. Consider other incentives, including tax incentives, that will 
encourage farmers to adopt environmentally sound animal waste management 
practices. Funds for animal waste management should be allocated to projects 
in, river basins in order that the funds will have the greatest impact on 
improving water quality. 

7. The Natural Resources Conservation Service and Cooperative Extension Service 
should allocate resources such that tasks related to the certification process 
under the .0200 rules are given priority. 

A-4. LOCAL ZONING/PUBLIC NOTICE 

Counties may enact ordinances that affect swine operations under the counties' 
authority to regulate conditions detrimental to the health, safety, or welfare of its 
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citizens.2 Also, local boards of health may adopt rules necessary to protect the 
public health.3 However, counties are prevented from enacting zoning ordinances 
that affect bona fide farms.4 

Senate Bill 1080,5 enacted in the 1995 Session, placed restrictions on the siting of 
intensive livestock operations. Intensive analysis of data from Pitt County, which is 
representative of a swine-producing area of North Carolina with respect to its 
population, population density, land area, and geography, shows that the impact of 
Senate Bill 1080 is substantial. Senate Bill 1080 essentially operates as a statewide 
land-use planning law. It is in the best interest of the State that siting limitations be 
uniform throughout the State and that siting limitations be established by the General 
Assembly rather than by local governments. 

Adjoining property owners should be informed of plans to construct a new swine 
farm, or expansion of an existing swine farm beyond the capacity of its current 
animal waste management system, before a permit is issued by the Division of 
Environmental Management. Adjoining property owners should not be able to block 
the siting of a swine operation that otherwise complies with all applicable laws and 
rules. Neighbors should have an opportunity to bring to the Division's attention any 
reasons known to the neighbors that the proposed operation would violate an 
applicable law or rule. The intent of the notice requirement is to establish a dialogue 
between swine farmers and their neighbors and to assure that neighbors will have an 
opportunity to have written input to the permit process. 

Recommendation: 

1. Do not extend the authority of counties to adopt zoning ordinances that affect 
intensive livestock operations. 

2. After completing the site evaluation and before the farm site is modified, a 
person who intends to construct a swine operation, shall attempt to notify all 
adjoining property owners and all property owners who own property located 
across a public road, street, or highway from the swine farm that the person 
intends to construct the operation .. This notification shall be by certified letter 
sent to the addresses on record at the property tax office. The letter shall 
include: 

2 

3 

4 

5 

153A-121 

130A-39 

G.S. 153A-340 

Article 67, Chapter 106 of NC General Statutes 
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(1) The name and address of the person intending to site the swine 
operation. 

(2) The type of swine operation and the design capacity of the animal waste 
management system. 

(3) The name and address of the technical specialist preparing the animal 
waste management plan. 

(4) The address of the local Soil and Water Conservation District Office. 

(5) Information informing the adjoining property owners and all property 
owners who own property located across a public road, street, or highway 
from the swine farm that they may submit written comments to the 
Division of Environmental Management. 

This recommendation applies to new swine operations and to those operations 
expanded beyond the design capacity of the existing animal waste management 
system. 

A-5. SITING LIMITATIONS FOR SWINE FARMS 

The interpretation of the language in Senate Bill 10806 is not consistent with the 
original intent of the legislation due to the use of ambiguous language. Senate Bill 
1080 was intended to apply to the siting of swine houses or lagoons that are located 
only on new swine farms, that is, farms for which a site evaluation is completed on or 
after October 1, 1995. It was intended to affect new swine operations and certain 
expansions of swine farms that had swine houses or lagoons constructed before 
October 1, 1995. Senate Bill 1080 was not inteng.ed to apply to expansions that were 
anticipated before October 1, 1995. The registration or the approved waste 
management plan indicated whether the expansion was anticipated before October 1, 
1995. Further, Senate Bill 1080 was not intended to apply to expansions that are 
necessary for compliance with the animal waste management rules but are not for the 
purpose of increasing the animal population. 

As the agency that issues permits for intensive livestock operations, DEM is the 
appropriate agency to enforce Senate bill 1080.-· The enforcement mechanism for 
Senate Bill 1080 should be explicitly stated in the legislation. 

6 Ibid 
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Recommendation 

Amend the Swine Farm Siting Act to clarify ambiguous language and to add an 
enforcement mechanism as provided in the Commission's legislative proposal. 

A-6. BASINWIDE PLANNING 

Basinwide planning is a systems approach to planning. Basinwide plans consider all 
point sources and non point sources of pollutants in surface water and groundwater. 
The extent of the contribution of animal waste to nonpoint sources of pollution, if 
any, cannot be calculated at this time. The Department of Environment, Health, and 
Natural Resources already has the authority to develop basinwide management plans 
for the 17 river basins in the State. The basinwide management approach to 
protecting the waters of the State is a desirable approach. 

Recommendation 

The Commission endorses the basinwide approach to water quality protection and 
encourages the accelerated development of basinwide management plans. 
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B. THE ADEQUACY OF STANDARDS 

A second broad group of concerns heard by the Commission revolves around the 
standards and requirements being applied to intensive livestock operations through 
the regulatory processes. The Commission concluded that requirements being 
imposed through the .0200 rules are adequate to protect the environment. The 
Commission was apprized that the current standards in the NRCS Technical Guide 
were in the process of being revised by a group consisting of three subcommittees, 
charged to revise the technical standards related to animal waste. Problems may exist 
now, testimony suggested, but they will disappear as the rules are implemented. This 
opinion was offered by both the Department of Environment, Health, and Natural 
Resources and by representatives of the swine industry. The set of recommendations 
that follows represent what the Commission considered to be improvements to the 
.0200 rules. 

B-1. POULTRY DRY WASTE 

Although poultry farms are currently subjected to the nondischarge rules, they are 
also required by those rules to prepare waste management plans only in those rare 
cases where the flock exceeds 30,000 birds and wet litter disposal systems are 
employed. Dry litter poultry operators retain a deemed permitted status that 
continues so long as three conditions are satisfied. These conditions include: (1) 
spreading dry litter on the land at no greater than agronomic rates, (2) retaining litter 
disposal records for one year, and (3) siting litter stockpiles more than 100 feet from 
perennial streams. 

Poultry litter is particularly high in such conservative elements as copper and zinc, 
and the cumulative effect of many years of land application may be soil toxicity. The 
Commission observed that the current level of regulation does not acknowledge the 
potential long-term da._mage to the environment that may occur due to metals 
buildup. The only ptactical way to avoid this result is application at carefully 
computed agronomic rates, coupled with regular analysis of soil and litter samples to 
monitor soils concentrations. 

Recommendations 

1. No sooner than December 31, 1997, and no later than December 31, 1999, all 
poultry operations'utilizing dry litter should have an animal waste management 
plan that includes a soil test to be performed at least annually and a waste 
analysis as close to the time of application as possible and at least within 60 days 
of the date of the waste's application. These records should be maintained for 
no less than three years. 
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2. Effective as soon as possible, extend the dry litter application records retention 
period from one year to three years. 

B-2. ODOR CONTROL 

Odor control is a legitimate public policy issue, even though uncertainty about health 
effects, the variability observed with odor measurement techniques, and the 
unpredictable nature of odor causation make reasonable regulation difficult. 
Commission members reviewed the Swine Odor Task Force report and heard further 
public testimony confirming the significance of odor as a nuisance factor associated 
with intensive swine operations. Farmers argue that some odor is a natural and 
inevitable by-product of animal-raising activity. However, odor can be minimized by 
using a variety of recognized best management practices that range from air scrubbing 
systems to simple housekeeping. These practices are not now required as an element 
of waste management planning nor are they eligible for reimbursement under the 
State's Agriculture Cost Share Program for Nonpoint Source Pollution Control. 

Recommendations 

1. Animal waste management plans submitted under the .0200 rules should include 
a checklist of potential odor sources and a choice of site-specific, cost-effective 
practices that will minimize those sources. The Soil and Water Conservation 
Commission should adopt odor control best management practices. These 
practices should be an enforceable element of the approved plan. 

2. Odor management practices should be made eligible for agriculture cost-share 
funds. 

3. Research into economically feasible odor control technology should be 
accelerated, anticipating that new methods will be developed and that these new 
methods may be considered for inclusion as a regulatory requirement as they are 
proven effective. This research should be jointly funded through private and 
public sources. 

4. Odor Best Management Practices requirements should become effective 
September 1, 1996 and apply to animal waste management systems for which an 
approved animal waste management plan is obtained on or after that date. The 
requirements should apply to all other animal waste management systems as of 
January 1, 1998. 

B-3. DEAD ANIMAL DISPOSAL 

Representative poultry mortality rates are 10% for turkeys and 5% for chickens. At 
these rates, given current North Carolina production, operators must dispose of some 
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45 million poultry carcasses annually. Annual swine mortality, based on similar 
calculations, is approximately 3.6 million. Although mortality can be regarded as 
part of the waste stream generated by livestock farms, carcass disposal is not covered 
in the animal waste management planning requirements of the .0200 rules. Instead, 
disposal of dead animals is governed by law and regulation aimed at preventing the 
spread of livestock diseases. North Carolina statutes require that animals be buried at 
three feet beneath the ground or otherwise disposed of in a manner approved by the 
State Veterinarian.? The Veterinary Division of the Department of Agriculture has 
issued rules accepting as alternative methods incineration, rendering at a rendering 
plant, and, in the case of poultry only, composting or placement in a disposal pit. 

The problems associated with improper carcass disposal include threats to human 
health, spread of animal disease, odor, and water contamination. The latter risk is 
addressed to a degree in the statute allowing burial, inasmuch as that option is not 
allowed within 300 feet of a flowing stream or public water body. The Commission 
concluded that the potential for harm has weight sufficient to merit regulatory action. 

Recommendation 

Provisions for dead animal disposal, setting forth legally acceptable methods whereby 
mortality will be addressed, should be required as a component of an approved 
animal waste management plan. These provisions should become effective 
September 1, 1996 and apply to animal waste management systems for which an 
approved animal waste management plan is obtained on or after that date and to all 
other animal waste management systems as of January 1, 1998. 

B-4. RIPARIAN BUFFERS 

Riparian buffers are cost-effective measures that protect State waters from animal 
waste runoff. They are thought to reduce nitrogen levels in such runoff by as much 
as seventy percent. Buffers are one of a few available means to effectively control 
runoff for dairies. 

The width and type of riparian buffer needed varies according to the particular 
conditions presented. Therefore, buffer requirements should apply site specific 
standards. The interagency group recommended in A-2 above includes persons with 
sufficient expertise to determine an appropriate and reasonable standard for 
mandatory buffers and to decide whether to make this standard site specific, uniform 
for each river basin, or uniform statewide. 

Recommendations 

7 G.S. 106-403; see also G.S. 106-549.70 

17 

ED _001369_00043850-00126 



1. Direct the interagency group to develop a standard for the use of riparian 
buffers or equivalent controls as a best management practice, particularly along 
streams designated as "perennial streams" on the United States Geological 
Survey quadrangle sheets. The interagency group must decide whether a 
uniform State standard, a basinwide standard, or a site specific standard would 
best protect water quality. 

2. Requirements for riparian buffer best management practices or equivalent 
controls should become effective September 1, 1996 and apply to animal waste 
management systems that are constructed or expanded beyond their design 
capacity on or after that date. Other systems should implement these practices 
or equivalent controls to the extent that land is available. 

8-5. EMERGENCY MANAGEMENT 

The .0200 rules consider a 25-year, 24-hour storm event the only emergency sufficient 
to suspend the no discharge requirement. Frequent heavy rains for an extended 
period of time, or chronic rainfall as was experienced in eastern North Carolina the 
summer of 1995 preceding the lagoon spill at Oceanview Farms, can lead to 
emergency conditions that threaten the environment as much as those created by the 
25-year, 24-hour storm event. The environment cannot be protected adequately 
without requiring the development of emergency procedures that must be followed 
during emergency conditions, including emergencies caused by chronic rainfall. 
Likewise, animal waste management plans do not adequately address the potential for 
emergency conditions nor explicitly set forth stc)S to minimize environmental 
damage under such conditions. 

Recommendations 

1. Require emergency spillways for all new aQd expanding lagoon facilities. Allow 
existing facilities to use agriculture cost sha:te funds to add optional spillways. 

2. Include site-specific emergency management elements in all animal waste 
management plans, detailing operating procedures that must be followed in 
times of emergency situations in order to minimize the environmental damage 
of catastrophic events. 

3. Amend the definition of "animal waste management system", which currently 
appears in the .0200 rules, so that chronic rainfall is treated the same as the 25-
year, 24-hour storm event. 
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4. Emergency spillway requirements should become effective September 1, 1996 
and apply to animal waste management systems that are constructed or 
expanded beyond their design capacity on or after that date. 

B-6. WASTE UTILIZATION PLANS/RECORD KEEPING 

Balancing nitrogen produced by intensive livestock operations with the nitrogen 
utilized by the crops to which the waste is applied is critical to avoiding runoff of 
nutrients. A waste utilization plan that is site specific and based on actual nutrient 
uptake is the best way to assure nitrogen balance. Waste utilization plans are critical 
for the protection of water quality. Current agronomic rates for application of wastes 
onto land are based on nitrogen as the limiting factor. Monitoring waste products 
and soils for heavy metals and phosphorous in addition to nitrogen is advisable. 
Currently, testing of waste products and testing of soils are not required under the 
.0200 rules. 

Record keeping plays an essential role both in best management prac[ices and in 
compliance monitoring. Although the existing .0200 rules provide that animal waste 
be applied to the land at agronomic rates,8 no records are required to be kept to 
demonstrate adherence to the rule. While the NRCS and DSWC have forms to guide 
farmers in preparation of waste utilization plans, a standard set of forms would 
provide certainty as to what is required and assist DEM inspectors with their work. 

Recommendations 

1. Require record keeping as a component of animal waste management plans 
under the .0200 rules. 

2. Record-keeping requirements should be established by the Environmental 
Management Commission, Natural Resource Conservation Service, and the Soil 
and Water Conservation Commission, with technical assistance {rom the 
Cooperative Extension Service. 

3. For both wet and dry systems, require periodic testing of soils at crop sites and 
of waste products that will be used as nutrient sources. Soils should be tested 
annually. Lime should be applied to maintain pH in the optimum range for 
crop production. Waste products should be tested as close to the time of 
application as possible and at least within 60 days before or after the date of 
waste application. Nitrogen should be used as the rate determining element, but 
buildup of zinc and copper in the soils should be monitored and alternative sites 
used when these elements approach excessive levels. 

8 15A NCAC 2H.0217(a)(1)(H)(iv). 
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4. Require waste utilization plans to assure a balance of nitrogen application rates 
and crop requirements for nitrogen. Yield data and plant analysis should serve 
as the mechanism for maintaining this balance of nitrogen. 

5. Testing and recordkeeping requirements should become effective September 1, 
1996 and apply to animal waste management systems for which an approved 
animal waste management plan is obtained on or after that date. The 
requirements should apply to all other animal waste management systems as of 
January 1, 1998 .. 

B-7. INSECT CONTROL 

The Commission considered complaints from the public related to the impact of 
intensive animal farming on insect populations in the local area, and observed that a 
potential for nuisance conditions does exist. Like odor, fly infestation can be 
decreased by recognized site management practices. Many of these can be applied at 
minimal cost. 

Recommendations 

1. A list of insect control best management practices should be adopted by the Soil 
and Water Conservation Commission. 

2. Insect control best management practices should be made eligible for agriculture 
cost share funds. 

3. Animal waste management plans should include a checklist of potential insect 
sources and a choice of site-specific, cost-effective practices that will minimize 
the sources. These practices should be an enforceable element of an approved 
animal waste management plan. 

4. Insect control best management practices should become effective September 1, 
1996 and apply to animal waste management systems for an approved animal 
waste management plan is obtained on or after that date and to all other animal 
waste management systems as of January 1, 1998. 

B-8. APPLICATOR TRAINING REQUIREMENTS 

During the 1995 Session, the General Assembly enacted legislation requiring all 
persons operating animal waste management systems for swine farms to be certified 
by DEM.9 To be certified, each operator must take six hours of instruction and pass 

9 Part 9A, Article 21 of Chapter 143 of the General 
Statutes. 
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a test. DEM and CES were directed to develop the program of instruction. The law 
requires each operator to pay an initial fee of $10 and an annual renewal fee of $10 
for certification. 

During its review of the applicator trammg program, DEM brought to the 
Commission's attention the fact that the Water Pollution Control Systems Operators 
Certification Commission, established pursuant to Chapter 90A of the General 
Statutes, might be a more appropriate commission under which to place the 
certification program. The Certification Commission is charged with the training and 
certification of operators of systems that collect, treat, or dispose of waste for which a 
permit is required under rules adopted by the Environmental Management 
Commission or the Commission for Health Services.10 All other livestock waste 
management operators would be certified under this Commission if they were to be 
regulated. The new law makes swine an exception to the existing statutory scheme. 

DEM also indicated that six hours instruction was insufficient to adequately cover the 
materials that needed to be presented. Moreover, in addition to classroom 
instruction, some hands-on-training in the field is advisable. To arbitrarily limit the 
amount of time for training to less than required would likely thwart the overall goal 
of enhanced water quality protection through use of properly trained waste system 
operators. 

Questions about the potential impact of requiring each producer to pass a test as a 
certified operator were raised by several Commission members. The Commission 
concluded that farmers should have the option to hire a certified operator to oversee 
the farmer's waste management operations and that alternative testin·g procedures be 
available to farmers with learning difficulties. 

Recommendations 

1. Part 9A, Article 21 of Chapter 143 of the General Statutes should be repealed. 

2. The program of certification of swine waste management system operators 
should be placed under the Water Pollution Control Systems Operators 
Certification Commission. 

3. Two persons representing the animal agriculture industry should be added to 
the Certification Commission. 

4. Farmers should have the option to hire a certified operator to manage their 
waste systems. 

10 G.S. 90A-39 
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5. The number of hours of required training for certification should be limited to 
eight hours of classroom instruction and four hours of field training. 

6. Upon request, alternate methods of instruction shall be provided for persons 
with reading or learning difficulties. 

7. Make all operator training materials user friendly, taking into account the 
educational level of the applicant. 
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C. ADEQUACY OF ENFORCEMENT AND COMPLIANCE 

One of the questions placed squarely before the Commission by those seeking 
enhanced restraints upon the growth of the livestock industry was "Why should 
agriculture be treated differently from other waste-generating industries?" To address 
this question, the Commission reviewed the existing exemptions for agriculture or 
animal operations in the water quality statutes and the basis for granting each 
exemption. The Commission learned that changes in production techniques and farm 
size, coupled with the advent of corporate and contract farming, have changed the 
nature of agriculture. Nowhere is this more clear than in intensive livestock 
production. The bucolic picture of pastured livestock has given way to a technically 
advanced system of raising thousands of animals in confined facilities. Typically, 
millions of gallons of waste produced by each intensive livestock operation are 
treated and stored in lagoons and disposed of by land application of the waste. Such 
methods of agriculture are proving extremely efficient and profitable, but they also 
have created an increased potential for serious water quality problems. It is worth 
noting that lagoon and land application of waste is a preferred method of waste 
treatment. The State's nondischarge program has been in effect for at least 20 years. 
Nondischarge systems, however, must obtain permits under the nondischarge rules 
and their operators must be certified by the Water Pollution Control System 
Operators Certification Commission. Not until 1992, however, were the waste 
management systems for animal agriculture operations formally addressed in the rules 
and they currently hold a deemed permitted status. 

In the past two decades environmental efforts have focused primarily on eliminating 
point source pollution. Recently, however, there has been an increasing awareness of 
the role of nonpoint source pollution in the State's water quality problems. Animal 
waste management systems utilized by intensive livestock operations are both 
potential point sources of pollution as well as contributors of nonpoint source 
pollution. Failure to properly construct and manage lagoons and related storage, and 
treatment structures can result in point source pollution as was seen by the failure of 
several lagoons in eastern North Carolina during the summer of 1995. Failure to 
properly manage the land application of wastes may result in excess nutrients 
reaching surface water through means such as runoff. 

Based upon the recognition of the increased potential for environmental harm.·and 
the increasing industrialization of animal agriculture, the Commission found that 
many of agriculture's exemptions from the operations of the environmental statutes 
are no longer warranted. The Commission recommends that differential treatment 
for agriculture be eliminated where it cannot be justified. The specific 
recommendations, set forth below, cover a wide range of issues and include- replacing 
the "deemed permitted" status of intensive livestock facilities with a standardized, or 
"general" permit, setting penalties for errant farming operations equivalent to those 
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for other environmental violators, requiring annual inspection of intensive livestock 
facilities and their waste handling operations and the payment of fees for general 
permit applications. 

C-1. PERMITS AND PERMITTING 

Under the existing rules, animal waste management systems that meet the appropriate 
criteria are "deemed permitted" and it is not necessary that owners of these systems 
apply for and obtain an individual permit.11 At the suggestion of the Division of 
Environmental Management, the Commission considered replacing the "deemed 
permitted" approach to regulation with a general permit model. 

The current "deemed permitted" system is based upon each facility obtaining a 
certified site specific animal waste management plan that incorporates best 
management practices for waste collection, treatment, storage, and disposal. Other 
criteria a facility must meet include maintaining minimum riparian buffers and 
setbacks, and providing adequate land to accommodate the application of animal 
waste at agronomic rates. The Commission found that the concept of using site 
specific waste management planning incorporating best management practices is an 
efficient and effective method of providing protection for the State's surface waters. 

There have been difficulties, however, in implementing the current system under the 
.0200 rules. Under the current rules, all facilities subject to the rules must have 
obtained an approved animal waste management plan that is certified by a technical 
specialist by December 31, 1997. As has been noted in detail in A-3 above, many of 
the producers have not initiated efforts to obtain plan approval. This has been due in 
part to the confusion among the agencies charged with providing technical assistance 
and certification. Varying interpretations abound as to what is necessary for 
certification as well as to what standards apply. 

DEM does not participate in the creation of the animal waste 11\anagement plans but 
only receives notification that a certified plan has been obtairted. Its role in the 
current certification process is reactive, limited to enforcing the waste management 
plans. DEM does not review an animal waste management plan except when 
investigating in response to a complaint. 

A shift in regulatory approach to a gen ral permit model would have several 
significant advantages to the current syst m. Notably, it would centralize the 
authority for the permitting, inspection, nd enforcement process within DEM. 
Interpretation of the requirements of the ules would come from a single source. 
Further, DEM would have a greater level of scrutiny over the waste management 

11 15A NCAC 2H .0217 
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plans being submitted. DEM would receive the permit application and either 
approve or disapprove its conformance with the general permit. 

As envisioned by the Commission, the general permit model would retain the 
positive features of the deemed permitted rule. It would allow DEM to issue a 
permit to a class of activity, here an animal waste management system, based upon 
compliance with a general set of requirements. The core of the general permit 
requirement would be the site specific animal waste management plan based upon 
best management practices determined to be most suitable for that operation. Thus 
the implementation of a general permit could be accomplished without disturbing the 
ongoing process of certification. Finally, the issuance of a general permit would have 
the advantage of placing in the producer's hands a document that spelled out clearly 
the regulatory requirements applicable to that facility. 

Recommendations 

1. The deemed permitted approach should remain in place for livestock operations 
beneath the .0200 thresholds: less than 100 cattle, 250 swine, 75 horses, 1,000 
sheep, and 30,000 birds with a liquid waste system. 

2. General permits, one for each species of livestock, should replace the deemed 
permitted status for all animal waste operations equal to or above the .0200 
thresholds. (Sample general permits may be found in the appendices to this 
report.) 

3. The animal waste management plans now required under the .0200 rules should 
be a central component of the general permit. 

4. Individual permits may be required for noncompliant facilities and for facilities 
proposing to use alternative animal waste treatment systems. 

C-2. SPECIAL ORDERS 

North Carolina's water quality statutes provide the Environmental Management 
Commission authority to issue special orders compelling persons found to be causing 
or contributinf: to water pollution to take- or refrain from taking action to eliminate 
the pollution. 2 This statute also provfoles the Commission the authority to enter 
into special consent orders and assurances of voluntary compliance with persons 
responsible for causing water pollution. this particular compliance "tool" provides 
needed flexibility in fostering compliance with environmental rules. It allows DEM 
to provide violators with a schedule of actions to bring their activities .. into 

12 G.S. 143-215.2 
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compliance within a specified time frame, with specific stipulated fines for 
nonperformance. Except in extreme cases, the public interest is served when those in 
violation of environmental standards are required to correct deficiencies in 
compliance with a reasonable schedule. Agricultural operations, however, currently 
are excluded from the operation of these statutes. 

As has been noted throughout this report, agriculture has come under increasing 
regulatory scrutiny and control due to its potential contribution to both point and 
nonpoint source pollution. As the regulatory burden has grown, the costs of 
acquiring pollution control technology and implementing environmentally sound 
management practices have placed an economic burden on agriculture that cannot be 
shifted to consumers as can be done in other industries. The Commission believes 
that the use of special orders and special consent orders would benefit the 
agricultural community by allowing DEM, where necessary, to set a reasonable 
schedule to obtain compliance with the water quality rules. The Commission also 
found that the inability to use special orders has hampered the certification process 
under the .0200 rules, particularly in the case of the dairy industry, by limiting the 
Department's ability to work with farmers who are attempting to implement best 
management practices but are limited by time and financial constraints and weather. 

Recommendation 

Amend the statutes to give the Environmental Management Commission authority to 
enter into special orders and special consent orders with agricultural operations in 
violation of the water quality stJ.tutes. 

C-3. PENALTIES 

Current law provides that fines and penalties for the construction of conveyances, 
such as pipes or ditches, on livestock or poultry farms for the willful discharge of 
wastes to the waters of the State may not exceed $5,000 for the first offense)3 
Other environmental violations, however, may carry civil penalties of up to 
$10,000.14 The Commission could find no compelling reason for limiting the 
penalties that may be imposed upon livestock and poultry producers for willful 
violation of the water quality statutes. 

Recommendation 

13 G.S. 143-215(e) 

14 G.S. 143-215.6A 
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Penalties for constructing conveyances on livestock and poultry farms for the purpose 
of willfully discharging pollutants to the waters of the State should be set at $10,000, 
consistent with the civil penalties imposed for other environmental violations. 

C-4. INSPECTION AND ENFORCEMENT 

Inspections are a part of the everyday compliance monitoring done by the Division of 
Environmental Management and a fact of everyday life for the regulated community. 
Major permitted facilities are usually subject to annual inspection, while smaller 
operations may be inspected as infrequently as every five years. Animal waste 
management systems, however, have never been subject to routine inspections. 
Historically, the Division of Environmental Management has inspected such facilities 
only in response to complaints. 

Recommendations 

1. A systemic monitoring and inspection program should be applied to intensive 
livestock operations. The program should involve technical assistance from the 
Division of Soil and Water Conservation, the Natural Resources Conservation 
Service, the Agronomic Division of NCDA, and the Cooperative Extension 
Service. Regulatory inspections should be conducted by the Division of 
Environmental Management. 

2. Each intensive livestock operation may be subjected to an annual operations 
review to assure full compliance with applicable laws and regulations. This 
review may be carried out by qualified staff from Soil and Water Conservation 
Districts. Operators should be advised of minor deficiencies found during the 
review and should be given reasonable opportunity to correct those deficiencies 
before enforcement action is taken. In the event of major deficiencies posing an 
immediate threat to the environment or in cases of operator intransigence, 
Division of Environmental Management enforcement personnel should be 
directly and immediately involved. 

3. Each intensive livestock operation and its animal waste management system that 
is required to obtain an approved animal waste management plan should be 
inspected annually. Additional inspections should be scheduled for facilities 
found to be noncompliant. 

C-5. FEES FOR PERMITTING AND INSPECTION OF 
ANIMAL WASTE MANAGEMENT SYSTEMS 

The collection of fees from regulated industries to offset the costs of implementing 
environmental programs is established policy in North Carolina. As agriculture 
becomes increasingly subject to environmental regulation, the question arises whether 
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agriculture should also pay a like share for the programs required to ensure their 
compliance with water quality statutes and rules. After considerable debate, the 
Commission agreed that the animal agriculture industry should contribute to the cost 
of implementing the permitting and inspection program recommended in this report. 
The fee would be imposed upon each swine, cattle, and poultry operations required 
to obtain a permit for its animal waste management system from DEM. As 
recommended by the Commission, this fee would be tiered and assessed on a live 
weight basis. No fee would be assessed on those facilities that operate on a deemed 
permitted basis. The total amount of the fees collected by DEM should not exceed 
40% of the total cost of the regulatory program. This is consistent with the 
limitations on fees that may be assessed other industries that are required to obtain 
water quality permits. 

Recommendations 

1. DEM should be authorized to collect an annual fee to cover up to 40% of the 
cost of its permitting and inspection program for animal waste management 
systems. 

2. The fees shall be structured on a tiered basis as follows: 
a. For each animal waste management system with a design capacity 

of at least 38,500 pounds steady state live weight and less than 
100,000 pounds steady state live weight, the annual fee shall be 
$50. 

b. For each animal waste management system with a design capacity 
of at least 100,000 pounds steady state live weight and less than 
800,000 pounds steady state live weight, the annual fee shall be 
$100. 

c. For each animal waste management system with a design capacity 
of 800,000 pounds or greater steady state live weight, the annual 
fee shall be $200. 

3. The fees recommended in this section should be assessed on swine, cattle, and 
poultry facilities meeting the size thresholds for obtaining a general or 
individual permit. No fee should be assessed on animal agricultural operations 
that fall within the "deemed permitted" category. 
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D. FUTURE RESEARCH INITIATIVES 

From the evidence presented to the Commission, it was obvious that additional 
research is needed in several critical areas in order to develop a regulatory approach 
based upon scientific fact. The impacts of older lagoons on groundwater quality is 
not yet known. Sources of nonpoint nitrate pollution in our surface waters have not 
been specifically identified. Alternate innovative technologies must be pursued and 
made available to the livestock industry to supplement lagoon and sprayfield 
technology as part of the overall effort to ensure that their impact upon the 
environment is minimized. 

D-1. ALTERNATIVE TREATMENT METHODS 

In the intermediate to long run, exclusive reliance upon lagoon technology as the 
permitted method of animal waste disposal is not prudent. New and innovative waste 
management technologies that are proven to be viable should be encouraged. When 
adequate data exists to indicate the reliability of the technology, backup waste 
management systems should not be required. 

At present, State government does not appear to be actively encouraging the 
development and use of alternative technologies. A major reason for the failure to 
accept alternative technologies is the absence of a satisfactory institutional 
arrangement for testing such technologies. 

Recommendations 

1. As a matter of State policy, encourage the development of alternative treatment 
and disposal technologies. Provide incentives to producers to participate in the 
evaluation of new and innovative animal waste management technologies. 
Direct the Division of Environmental Management to ensure that the regulatory " 
process is not limiting the use of innovative technologies and that the evaluation 
of technologies is made in a timely manner. 

2. Appropriate funds to the North Carolina Agricultural Research Service for a 
collaborative venture between the Service and DEHNR, that would serve as a 
focal point for experimentation with and testing of alternative animal waste 
disposal technologies for use in agriculture. 

3. Encourage the N.C. State University Animal and Poultry Waste Management 
Center to increase their current efforts to establish and monitor farms for 
demonstrating alternative technologies. 

D-2. GROUNDWATER QUALITY 
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Some lagoons constructed prior to February 1, 1993, were not required to satisfy 
Natural Resources Conservation Service design and construction criteria that went 
into effect February 1, 1993, for all lagoons pursuant to the .0200 rules. 

Seepage of wastewater beyond 200 feet of the lagoon as occurred in some instances, 
in most cases for "old lagoons". According to testing conducted by the Fayetteville 
Regional Office of Division of Environmental Management pursuant to the 
Governor's free drinking water well testing program for persons who reside in close 
proximity to hog farms, of 109 wells sampled, 30 have had nitrate levels in excess of 
10 parts per million and 29 have had nitrate levels between 1 and 10 parts per 
million. To date, it is the opinion of the Division of Environmental Management that 
at least one hog farm is the cause of the contamination of nearby drinking water 
wells. The results of the drinking water wells tests to date are a reason for concern 
and warrant close monitoring. 

Groundwater studies currently being conducted include only lagoons constructed 
according to current Natural Resource Conservation Service standards. More data 
concerning groundwater quality in the area surrounding hog farms is needed. 
Additional data regarding the quality of groundwater is needed. A groundwater 
study should be carefully designed to assure that the best scientific approach is taken 
in order to provide reliable results. 

Recommendations 

1. Direct a research institution to design and implement a scientifically based study 
for the purpose of determining the extent to which lagoons pose a threat, if any, 
to the groundwater of this State. Select for study lagoons that are representative 
of soil types and hydrologic conditions in North Carolina. 

2. For purposes of this study, a lagoon is posing a threat to ground~ater if nitrate 
levels exceed 10 parts per million outside the compliance boundary of 250 feet. 

3. An environmental interest group, a regulatory agency, and a commodity group 
representing the pork industry should participate in the study. 

D-3. WATER QUALITY 

Water quality can be degraded by a number of point sources and nonpoint sources of 
contaminants. Nonpoint sources of nitrates are diverse and potentially include 
municipal wastewater treatment systems, industrial systems, golf courses, commercial 
residential lawns, fertilizers, pesticides, animal waste and the natural ecosystem. The 
nonpoint sources of nitrates should be identified so that operators of intensive 
livestock operations know the contribution their industry makes to the degradation of 
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water quality. The technology exists to determine the nonpoint sources of nitrates in 
the waters of the State. 

Recommendation 

Fund research designed to identify sources of nitrogen in the surface and 
groundwaters of the State. 
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III. PROCEEDINGS 

The Blue Ribbon Study Commission on Agricultural Waste met 14 times on the 
following dates: October 11, 1995; October 25, 1995; November 8 and 9, 1995; 
November 30 and December 1, 1995; December 13 and 14, 1995; January 10, 1996; 
January 24, 1996; February 7 and 8 1996; February 20, 1996; March 6, 1996; April 10, 
1996; April 24, 1996; May 1, 1996; and May 8, 1996. For a complete record of the 
Commission proceedings, including minutes for each meeting, refer to the 
Commission notebooks on file in the Legislative Library in the Legislative Building. 
A brief summary of the Commission meetings follows: 

October 11, 1996 

After opening remarks by the Cochairmen Dr. Ernest Carl and The Honorable Tim 
Valentine and introductory remarks by each on the Commission members, Kelly 
Zering, Ph.D. Department of Agriculture and Resource Economics, College of 
Agriculture and Life Sciences, North Carolina State University, provided the. 
Commission with information regarding the historical and economic background of 
agriculture in North Carolina, emphasizing the poultry and swine industries. 
Historically, the main North Carolina crop was tobacco, a high value crop that 
requires relatively small acreage. According to one report, twenty-eight percent of 
the economy in North Carolina is dependent on agribusiness. In the last seven years, 
the number of farms in North Carolina that sell at least $1,000,000 in agricultural 
commodities has dropped from 70,000 to 58,000. In the 1980s the average size. farm 
in this State grew significantly to approximately 150 acres by 1987 and to 160 acres by 
1994. Now the average size farm in North Carolina is about one-quarter the average 
size farm in the Midwest. Like tobacco farms, poultry and hog farms do not require 
large amounts of acreage. Production contracts are unique to North Carolina and 
provide a small farmer with a low-risk way to become profitable. On the one hand, 
poultry production and swine production have provided §Orne small farmers with an 
economically viable alternative to raising tobacco and a way to stay on the farm and 
earn a livelihood. On the other hand, increased farm size and increased 
specialization lower production costs and increase efficiency. Accordingly, the 
number of hog farms in North Carolina has decreased since 1988, while the number 
of hogs produced has increased over the same period. 

Dr. Zering estimated the total economic impact of the swine industry in North 
Carolina, including the multiplier effect, at more than $3 billion dollars, over $1 
billion dollars of which stays in the pockets of North Carolinians. At present, Iowa is 
the largest pork producing state with approximately 14,000;000 hogs. North Carolina 
is second with approximately 8,100,000 hogs. Packing capacity limits the growth of 
the industry. 
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Dewey Botts, Director, Division of Soil and Water Conservation, DEHNR, informed 
the Commission of the Division's role with respect to the regulation of intensive 
livestock operations and the role of the federal Natural Resources and Conservation 
Service (NRCS) in both implementing the .0200 rules and providing technical 
assistance to operators. The N.C. State Cooperative Extension Service and the North 
Carolina Department of Agriculture (NCDA) also provide technical assistance. 
Through the Agriculture Cost Share Program for Nonpoint Source Pollution Control, 
as provided in Part 9 of Article 21 of Chapter 143 of the General Statutes, funding 
may be provided to assist farmers in implementing certain best management practices 
or for certain other expenditures that lead to the reduction of agricultural nonpoint 
source pollution in the waters of the State. The State contributes seventy-five percent 
of these funds; the farmer is required to provide twenty-five percent. Between now 
and December 31, 1997, 2,400 to 2,600 intensive livestock operations have to be 
brought into compliance with the .0200 rules. The dairy operations in the western 
part of the State have the greatest and most costly problems to address before they 
are in compliance. It is anticipated that one-fourth to one-third of the dairy 
operations will have to go out of business due to their inability to afford the cost of 
coming in to compliance. 

Mr. Steve Tedder, Chief, Water Quality Section, Division of Environmental 
Management (DEM), DEHNR and David Harding, staff for the Water Quality 
Section, spoke of the division's role in enforcing the animal waste management plans 
required under the .0200 rules and the requirement that operators register with DEM 
by December 31, 1993. Because intensive livestock operations are deemed permitted 
pursuant to the .0200 rules, the Division finds itself in a reactive position with respect 
to enforcement. It responds to complaints brought to its attention. Fol1owing the 
various Jagoon spills that occurred beginning in June 1995, the Governor issued an 
Executive Order that required, in part, that DEM inspect all of the approximately 4, 
600 animal waste lagoons in the State. When the final report of the inspections is 
complete, it will be presented to the Commission. 

' 
Susan Iddings, Commission Counsel, informed the Commission of legislatfon enacted 
by the 1995 General Assembly regarding intensive livestock operations. 

October 25, 1995 

This meeting provided an opportunity for various interest groups to express their 
positions regarding the recent rapid growth of intensive livestock operations in North 
Carolina. The following persons spoke before the Commission: Walter Cherry, 
Director, North Carolina Pork Producers' Association (he noted that the major hog 
counties are in the eastern part of the State, Duplin County is the number' one hog
producing county in the nation and the number one turkey-producing county in the 
nation, and Sampson county is the number two hog-producing county in the nation); 
Kristin Rowles, Executive Director, Pamlico-Tar River Foundation (she expressed the 
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Foundation's concern of the adverse environmental impacts of large-scale hog 
production and recommended a moratorium on the I.B.P. processing plant being 
considered in the Pamlico-Tar River Basin); Bill Moser, P.E., Law Engineering and 
Environmental Services (he stated that his firm had submitted a proposal to the 
North Carolina Pork Producers' Association to produce a report containing their 
recommendations for any changes to current regulations of the industry); Rick Dove, 
Neuse River keeper, Neuse River Foundation) he gave a slide presentation to illustrate 
his assertion that the Neuse Rive is one of the twenty most threatened rivers in all of 
North America); Roger Bone, Lobbyist, North Carolina Pork Producers' Association 
(he appeared in lieu of Marion Howard, who was scheduled to speak at this place in 
the agenda); Bill Holman, Lobbyist, North Carolina Conservation Council and the 
North Carolina Chapter of the Sierra Club (he acknowledged the contribution of 
other sources of water pollution in addition to the swine and poultry industries and 
presented a number of recommendations to the Commission); Jimmy Vincent, 
Environmental Resources Manager, Browns of Carolina (he assured the Commission 
that producers are eager to protect the environment and willing to comply with the 
.0200 rules); Don Webb, President, Alliance For A Responsible Swine Industry (he 
stated that his citizens' organization seeks to stop the odor associated with swine 
operations and to stop the pollution of air and water resources). 

Michael Williams, Ph.D., Commission member, spoke in his capacity as Director of 
the Animal and Poultry Waste Management Center, North Carolina State University. 
The Center is conducting research to determine a means by which animal waste can 
be used as a valuable resource. Members of the public made remarks from the floor. 

November 8 and 9. 1995 

The Commission traveled to Duplin County for its next meeting. On November 8, 
guided by Michael Suggs, District Conservationist, NRCS, the Commission toured the 
following facilities: Oceanview Farms, the site of the June 21, 1995, lagoon failure; 
the Joey Carter Farm, site of an experimental waste treatment system that is designed 
to eliminate the need for a typical waste treatment lagoon; the Gerald Knowles Farm, 
site of a constructed wetland used to treat animal waste; the David Summerlin Farm, 
site of a turkey mortality composting facility; and the Circle Q Farms, site of a well
managed, conventional waste treatment lagoon and spray irrigation system for a 4,000 
sow farrow to wean facility. At 7:00 p.m. the evening of November 8, the 
Commission conducted a public hearing at the James C. Sprunt Community College 
in Kenansville, North Carolina. Approximately 400 people attended this hearing. 

On November 9, 1995, the Commission held a meeting in the Board Room of the 
James C. Sprunt Community College Administration Building. The meeting 
consisted of discussion among the members of the Commission. No formal 
presentations were given; members of the public made remarks from the floor. 
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November 30 and December 1, 1995 

This two-day meeting in Raleigh was devoted to water quality issues and focused on 
the receipt of scientific evidence presented by scientists recognized as experts in their 
respective fields of study. First, Steve Tedder, Chief, Water Quality Section, DEM, 
DEHNR, explained the complex issues associated with animal waste management for 
the swine industry and reported the results of the inspections of animal waste lagoons 
that were ordered by the Governor after the June 21 lagoon spill at Oceanview 
Farms. The .0200 rules were adopted by the Environmental Management 
Commission on December 10, 1992, and became effective February 1, 1993. Pursuant 
to these rules, all animal operations having equal to or more than the threshold 
numbers of animals are required to have an approved animal waste management plan 
by December 31, 1997. At this time, only eight to ten percent of the operations 
affected by this requirement have an approved plan in place. Mr. Tedder 
characterized current record-keeping requirements as "woefully inadequate" to 
protect water quality. Agriculture cost share funds are available to farmers for 
certain costs associated with coming into compliance with the .0200 rules (G.S. 143-
215.74(b)(5) provides that funding may be provided to assist certain practices and for 
grade control structures, water control structures, and animal waste management 
systems and application to farmers who volunteer to participate in the program). Mr. 
Tedder is concerned that farmers who wait will find these funds no longer available. 

By November 28, 1995, 4,619 intensive livestock operations had been inspected by 
DEM staff. Most are located east of Raleigh. Of the total inspected: fifteen percent 
had inadequate freeboard, four percent exhibited seepage from lagoons, six percent 
had inadequate cover crops, twenty-six percent kept inadequate records, three 
percent had inadequate acreage set aside for irrigation with wastewater. Mr. Tedder 
concluded that the inspections had been extremely informative; previously DEM staff 
had not been available to conduct inspections. He expressed concern regarding 
operations that had gone out of business. Closure plans are needed. As a result of 
the inspections, DEM had initiated a number of enforcement actions. Enforcement 
options are: the imposition of civil penalties, injunctions filed by the Attorney 
General's Office, loss of an operator's deemed permit status, or a criminal action. 
Mr. Tedder made a number of recommendations to the Commission. Dewey Botts, 
Director, Division of Soil and Water conservation, DEHNR, added that the .0200 
rules are inadequate with respect to resources, recordkeeping, and training 
requirements for applicators of wastewater. 

Dr. J. Wendell Gilliam, Professor of Soil Science, NCSU, explained how nutrients 
leave the soil and get into water. Run off from an individual's house, garden, or 
from agricultural land contains some nutrients, mainly nitrogen (N) and phosphorus 
(P). Those nutrients are necessary for life in the water; however, excess nutrients 
cause problems. If harvested, coastal Burmuda grass removes N from the farm site, 
but if the grass is used for grazing by livestock, high concentrations of N will be left 
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at the farm as waste deposited by the grazing animals, and the N eventually gets into 
shallow groundwater. Phosphorous reacts with soil; therefore, phosphorous stays in 
surface soil. When used correctly and according to recommendations, animal waste is 
just as good a fertilizer as inorganic fertilizer. However, it is more difficult to 
correctly use animal waste as inorganic fertilizer. However, it is more difficult to 
correctly use animal waste as a fertilizer than it is to correctly use commercial, 
inorganic fertilizer. The amount of N and.P can be adjusted in commercial fertilizer. 
More P has been added to Coastal Plain soils over the years. Coastal Plain soils are 
generally higher in P than Piedmont soils. But, when Piedmont soils do become high 
in P, there is potentially a larger problem with regard to water quality. More N is 
lost to surface waters from Coastal Plain soils than from Piedmont soils. 

Senator Albertson urged the increased use of riparian buffers. Dr. Gilliam stated that 
at the coast, buffers of 30-50 feet are sufficient; 100 foot buffers consisting of ½ grass 
and ½ trees are ideal. 

Dr. Frank J. Humenik, Professor and Associate Head and Departmental Extension 
Leader, Biological and Agricultural Engineering, NCSU, assessed animal waste 
treatment systems. He has been working with these systems in North Carolina since 
1969. Dr. Humenik stated that lagoons with land irrigation systems provide cost
effective treatment. The key to that is that they must be properly designed, 
constructed, operated, and maintained. There are many cost-effective lagoon 
irrigation systems in North Carolina. The .0200 rules need to address chronic 
rainfalls in addition to the catastrophic rainfalls that are currently recognized as being 
outside the "zero discharge" requirement. Dr. Humenik said that he would like to 
see the Commission direct its attention to how to best handle discharges resulting 
from catastrophic and chronic rainfall beyond the .0200 rules, either through an 
emergency spillway or by irrigating onto land, depending upon the site. 

Dr. Hans W. Paerl, Kenan Professor of Marine and Environmental Sciences, Institute 
of Marine Sci~nce, Morehead City, UNC-Chapel Hill, gave a detailed slide 
presentation on :issues and problems of waste generated and treated by land 
application, specifically the atmospheric deposition of N in estuaries and coastal 
waters. Animal waste contains a variety of N compounds which can be used by 
algae. Nitrogen is very mobile and can move in a variety of ways to end up in our 
estuaries and coastal zones. Obvious sources of discharge to surface waters are via 
pipelines, runoff, ·and groundwater, but the atmospheric deposition of nitrogen is still 
another way N gets into estuaries. The atmospheric deposition of N has been the 
focus of Dr. Paerl's research. The atmospheric deposition of N constitutes about ¼ to 
1/3 of N loading. 

Dr. Paerl said that a certain amount of N is needed to sustain a healthy food chain, 
but the problem with excessive N loading is that too many algae are grown for the 
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rest of the food chain to be able to use. Algae blooms take up oxygen in the water 
that fish need, leading to fish kills. 

Dr. Bill Showers, Associate Professor of Marine, Earth, and Atmospheric Sciences, 
NCSU, provided a slide presentation regarding a scientific technology that is 
available now in the State. This technology is able to determine the source of N 
nutrients found in water. Dr. Showers and Dr. Paerl did a study of the Neuse River 
in 1980 using a mass spectrometer. This study concluded that there is a difference 
over time in the source of nitrates. Based on data from the Neuse from 1986-1989, 
during years of excessive rain, nonpoint sources dominate as the source of nitrates. 
In dry years, point sources dominate as the source of nitrates. The sources can be 
discriminated, because the isotopes can be discriminated. Then the isotopic signals 
for cattle, poultry, and swine waste are determined, the contribution of each of these 
sources to the N in the surface waters of our State can be determined. This 
technology, for the first time, provides a means of allocating each sector's 
contribution to the nutrient loading of our waters. 

Dr. Joe Zublena, Assistant State Program Leader, Agriculture, Natural Resources, 
and Community and Rural Development at NCSU, began the second day. His 
activities at NCSU have been primarily in the Soil Science Department, with 
responsibilities in agronomy and waste management. To properly manage nutrients, 
we must find the balance between nutrients generated from the animal waste and 
nutrients taken up by the plants being grown in the soil where the waste is applied. 
A positive balance indicates there are more nutrients used by crops than nutrients 
generated from manure. A potential problem is indicated by a surplus of nutrients 
generated by animal waste. Fifty-seven percent of the manure generated 'in the State 
can be collected and utilized by the crops that receive the manure. Too much N in 
the soil can get into wellwater and cause "blue baby" syndrome. Excess N can result 
in algae blooms, which in turn leads to fish kills. Phosphorous build up is a long
term problem. Other concerns arise when copper or zinc reach unacceptable levels 
in the soils. Crop needs for th~se heavy metals are very low; excess levels can cause 
long-term plant toxicity. A potential solution to avoiding excess nutrients in the 
future is diet manipulation, involving enzymes that can be fed to the animals. A 
longer term solution is the export of manure. 

Dr. R. Wayne Skaggs, William Neal Reynolds Professor and Distinguished University 
Professor, and Dr. Robert 0. Evans, Jr., Extension Assistant Professor, Biological and 
Agricultural Engineering at NCSU, provided a slide presentation on the hydrology of 
the land application of wastewater, specifically swine wastewater. The application of 
wastewater to land is a final treatment process of many different kinds of wastewaters: 
municipal wastewater, industrial wastewater, as Wfll as agricultural wastewater. 
Using computer simulated modeling methods, the amount of N lost in runoff was 
followed. The properties and disposition of the soil affects the ability of the 
wastewater to be treated by application to that soil. 
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Dr. R. L. Huffman, Associate Professor, Biological and Agricultural Engineering at 
NCSU. Dr. Huffman's field of study is wastewater seepage from animal waste 
lagoons. For the past six years he had been involved in site investigations at lagoons. 
If lagoons are constructed according NRCS standards, there should be little or no 
seepage. Some to the approximately 4,600 lagoons were not constructed according to 
these standards. It is documented that a drinking well in Robeson County contains 
excess nitrates caused by an old lagoon nearby. Dr. Huffman said that old lagoons 
need to be assessed, but that monitoring wells do not provide the most direct or cost
effective assessment. He advocated the use of emergency spillways to avoid lagoon 
failures, such as the one at Oceanview Farms in June 1995. 

Dr. Patrick G. Hunt, Research Leader with the Coastal Plain, Soil, Water, and Plant 
Center, Agricultural Research Service of the USDA, spoke about the multiagency 
water quality demonstration project in Duplin County that was initiated as part of the 
Presidential Water Quality Initiative. The purpose of the project was to demonstrate 
improvements in water quality that could be made through the voluntary actions of 
the landowners, such as the use of nutrient management plans, fencing, and riparian 
borders. Approximately 100 monitoring wells were installed in one subwatershed on 
farms that were willing to participate. Seventy-seven percent of the wells did not 
contain excessive nitrates. One project used a constructed wetland to treat 
wastewater. 

Mr. M. Carl Bailey, Assistant Chief for Planning, Groundwater Section, DEM, 
DEHNR, spoke about a study that the Groundwater· Section is performing related to 
potential groundwater contamination around animal waste lagoons. Data is not 
available at this time. 

Dr. Kenneth H. Reckhow, Assistant professor, School of the Environment, 
Department of Civil and Environmental Engineering, Institute of Statistics and 
Decision Science, Duke University, urged the Commission to use a methpdology 
called decision analysis in trying to solve complex environment marnigement 
problems. Decision analysis is a method that is historically used more in the private 
sector than in the public sector. Decision analysis provides a logical structure for 
study and analysis, beginning with the complete identification of management 
objectives and attributes. 

Members of the public made remarks from the floor. 

December 13 and 14, 1995 

The Commission members met in Statesville, North Carolina on December 13 to tour 
dairy facilities in Iredell County. Mr. Kenneth Vaughn, Agricultural Extension Agent 
in Iredell County, and Representative Frank Mitchell guided the tour of the following 
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facilities: the Jeff Maness Farm, a dairy farm that employs a lagoon waste 
management system; the Holland farm, a land-locked farm in need of extensive 
renovation due to its location and the presence of streams and valleys surrounding 
the property; the Robertson Farm, which employs a lagoon for waste treatment and, 
after the waste has formed a crust on the lagoon, the waste is piled to dry and 
subsequently used as a dry fertilizer; the Hill Farm, which was in the process of 
constructing a waste lagoon; and the Leamon Farm, a dairy farm that is using the 
"dry stack" method of treating its animal waste. That evening at 7:00 p.m., the 
Commission held its second public hearing at the Iredell County Agricultural Center 
in Statesville. Approximately 250 persons attended and 28 spoke of the problems 
particular to the dairy industry. 

On December 14 at 9:00 a.m. at the Holiday Inn in Statesville, the Commission held 
a meeting. The Commission discussed the tour of the previous day. The 
Commission voted to create a working group consisting of Commission members: 
Dick Gallo, Dr. Wohlegant, Dr. Barker, Dennis Loflin, and David Harris to consider 
the current slow pace of certification of animal waste management systems under the 
.0200 rules and to report its recommendations for corrective action to the full 
Commission. Steve Levitas, Deputy Secretary, DEHNR submitted a letter containing 
a list of Department recommendations to the Commission for its consideration. 

January 10, 1996 

The Commission reviewed and adopted a report prepared by Commission staff 
summarizing and categorizing issues to be considered by the Commission. This list 
was based upon the lists of issues that each member of the Commission had prepared 
and submitted to staff at the Statesville meeting in December. Discussion during the 
morning session centered on these issues. The Commission recognized the 
importance of the operators expediting certification of intensive livestock operations 
pursuant to the .0200 rules. To send a clear message on this point, the Commission, 
by motion, concluded that the basic thrust of the .0200 rules is to establish an 
appropriate set of requirements for animal waste management systems, and this 
Commission will recommend that the December 31, 1997, deadline for compliance 
with these rules not be extended. 

Steve Levitas, Deputy Secretary, DEHNR, reviewed Department recommendations 
on animal waste issues that are in addition to those recommendations submitted to 
the Commission at the Statesville meeting. He made the following statements: 
DEHNR supports addressing water quality problems with a site-specific basin wide 
systems approach; good scientific evidence supports the conclusion that there is thirty 
percent more nitrogen in the Neuse river than the river can assimilate. The excess 
nitrogen comes from all sources, but a substantial portion comes from nonpoint 
sources of which a large portion is animal waste; other sources of nitrogen include 
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municipal wastewater treatment plants, industrial wastewater, gold courses, residential 
lawns, and agriculture fertilizers. 

Dr. Barker stated that farms in existence at the time the .0200 rules went into effect 
February 1, 1993, have to comply with the operation and maintenance requirements 
of those rules, but not the design and construction requirements, so long as DEM has 
not found these operations discharging pollutants to the waters of the State. The 
agronomic rates that had to be followed before 1992 were based on the amount of 
nutrients associated with maximum yield capacity for certain crops. The soil capacity 
and the soil type of the soil at a particular site were not taken into account to 
establish these earlier agronomic rates. If an operation is fond in violation of the 
.0200 rules, the operator is required to upgrade his waste management plan to one 
that is based on the agronomic rates that do take soil capacity and soil type into 
account. 

Dr. Wohlegant pointed out that the animal agriculture industries are price takers, that 
is, industries whose products cannot be priced higher and passed on to consumers in 
order to absorb any increased costs of doing business. Mr. Bodley added that animal 
products, such as pork and dairy products, are commodity products whose prices are 
set at the national and international levels. Mr. Weaver pointed out that producers' 
profits go down when the cost of seed grains increases. The cost of feed corn in 
April 1995 was $2.67/bushel; today it is $4.06/bushel. Mr. Gallo said that the special 
economics of the agriculture industry is the justification for the voluntary Agriculture 
Cost Share Program, whereby the public provides seventy-five percent of the cost of 
certain expenses incurred by the farmer, who must provide the remaining twenty-five 
percent of the costs. 

Members of the public made remarks from the floor . 

.January 24, 1996 

The Commission voted to establish four subcommittees and to assign each 
subcommittee a set of issues to address during today's Session and again in February 
and to report back to the full Commission on the second day of the next meeting, 
February 8, 1996. The Cochairman assigned issues to each subcommittee based on 
the- list of issues adopted by the Commission at its meeting January 10, 1996. The 
me'.mbership of the four subcommittees is as follows: Subcommittee I: Sen. Charlie 
Albertson (Chair), Jeff Turner, Dr. Robert Cook, and Dr. Michael Williams; 
Subcommittee II: Dr. James Barker (Chair), David Harris, Nick Weaver, Dr. Michael 
Wohlgenant; Subcommittee III: Dick Gallo (Chair), John Adams, Rep. John Brown, 
and Loyd Godley; Subcommittee IV: Robert Ivey (Chair), Cleveland Simpson, 
Dennis Loflin, and Dr. William Caviness. The Commission discussed the benefits of 
requiring general permits for intensive livestock operations. The Commission 
reached a consensus on the desirability of a general permit regulatory structure as 
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preferable to the current regulatory structure whereby operations are deemed 
permitted until found to be in serious violation of the .0200 rules. Before breaking 
up for subcommittee meetings, the Commission discussed the desirability of 
authorizing local governments to regulate intensive livestock operations and the 
desirability of imposing a moratorium on new swine operations. Both discussions 
were lively, but resulted in no formal action by the Commission. The Commission 
appeared to be in agreement that a moratorium was not justified at this time. 

The afternoon session was devoted to presentations by the following: Dr. Steve 
Hoard, Edgecombe County Commissioner, and Jim Bayless, Edgecombe County 
Health Director, both of whom spoke in favor of local governments having the 
authority to regulate intensive livestock operations; Marvin Horton from Nashville, 
North Carolina, who spoke against locating an I.B.P. slaughterhouse in Edgecombe 
County; Frank Tyndall, a consulting engineer for Kimley-Horn and Associates, Inc., 
who presented the report on the swine industry requested and paid for by Murphy 
Family Farms; and William Mosher, Chief Engineer and Assistant Vice President for 
Law Engineering and Environmental Services, Inc., who presented the Law 
Engineering Report requested and paid for by the North Carolina Pork Producers' 
Association. 

Members of the public made remarks from the floor. 

February 7 and February 8, 1996 

The full day, February 7, was spent in separate meetings by each of the four 
subcommittees designated by the Cochairmen at the last meeting. On February 8, the 
full Commission met, and the Chair of each subcommittee presented its report to the 
full Commission. In its report, a subcommittee addressed each issue it had been 
assigned. A subcommittee had been directed to take some action on each issue as 
follows: (1) make a recommendation (2) decide to take no action, or (3) decide 
more information was needed and defer action until the information was obtained. 
The Commission took up one recommendation at a time. A recommendation was 
presented for discussion by the Commission. The Commission then voted on 
whether to adopt a recommendation for approval by the Commission. Cochairman 
Tim Valentine emphasized that a vote of approval by the Commission was not a final 
action on any recommendation. The Commission approved some recommendations 
as presented, approved several as amended by the full Commission, and tabled others 
for later action by the subcommittee that had considered the issue. Senator 
Albertson's Subcommittee I deferred action on two issues: local zoning and a rewrite 
of Senate Bill 1080 of the 1995 Session (enacted as Chapter 420 of the 1995 Session 
Laws) until more data was obtained. Dr. Barker's Subcommittee II decided it needed 
more information before it could address the role of local health departments in 
regulating intensive livestock operations. The Commission approved a 
recommendation made by Subcommittee IV chaired by Robert Ivey to replace the 
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.deemed permitted approach to regulation of intensive livestock operations with a 
system of general permits based on the animal waste management plans currently 
required under the .0200 rules, but tabled the following recommendations of that 
same Subcommittee: that the costs of the inspection and enforcement program 
should be borne by the State, all recommendation's concerning changes to the 
application training requirements, the issue of integrator liability, and that a public 
comment period should be incorporated into the permit process for intensive 
livestock operations. The later recommendation was the recommendation contained 
in a minority report from the Ivey Subcommittee. 

Members of the public made remarks from the floor. 

February 20, 1996 

Steve Tedder, Chief, Water Quality Section, DEM, DEHNR, presented the Draft 
Interim Plan for the Neuse River Basin. The document has been presented to the 
Environmental Management Commission (EMC) at its February meeting, is subject to 
written comments, and provides the basis for proposed rules. The interim plan 
establishes a thirty percent reduction of the nitrogen levels in the Neuse River over a 
five-year period as a goal, requires cities to elicit a connections program for 
stormwater sewers, recommends a tiered permit program for intensive livestock 
operations, and requires 50 feet buffers for intermittent and perennial streams. 

Dennis Loflin, Commission member and member of the EMC, expressed his 
objections to the interim plan, saying that, in his opinion, the buffer requirements 
represent a flagrant violation of private property rights. 

Mr. Tedder reminded the Commission that DEM is flexible and presents the interim 
plan as embodying a concept that is subject to refinement. DEM staff considers that 
the most important component of the plan for the Neuse is general permits. 

Dick Gallo, Commission member appearing in his capacity as State Director, Natural 
Resources Conservation Service (NRCS), introduced the report to the Commission 
regarding the revision of NRCS standards as related to animal waste. Jim 
Canterberry, State Resource Conservationist, NRCS, gave the Commission 
background information. NRCS is a federal agency under the United States 
Department of Agriculture that was created in 1935 to provide on site technical 
assistance to farmers. NRCS works with local Soil and Water Conservation Districts 
through a memorandum of agreement. NRCS contends the main problem with 
respect to intensive livestock operations is improper management. Starting 
November 1995, NRCS convened a series of three subcommittees consisting· of a 
broad range of interested parties to improve the NRCS technical standards and to 
attempt to strengthen lagoon technology. Harry Gibson, State Engineer, NRCS, 
related the key revisions to the waste treatment lagoon technical standards. A new 
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~tandard addresses closure of abandoned lagoons or ponds. Emergency action plans 
will be required for every lagoon. Approximately 15 years' worth of sludge storage is 
now required rather than the five years worth currently required. Odor control 
measures will be required, which include precharging lagoons with water before 
loading, the use of inlet pipes, and installation of windbreaks, if applicable. 
Emergency spillways are mandated to allow effluent to escape. More comprehensive 
site evaluations will be required pursuant to the revised standards. Liners will be 
required where conditions may present limestone deposits. The lagoon bottom and 
site must be scarified and compacted to standard. 

Bill Harrell, Resource Conservationist, NRCS, presented the key rev1s1ons with 
respect to waste utilization standards. The major revisions address the nutrient 
management standards. The object of the nutrient management plan is to assure that 
the nutrients, including nitrogen, are removed through crop harvest. Nitrogen is the 
limiting nutrient. Phosphorous is immobile in the soil; phosphorous leaves through 
erosion. Erosion is controlled through the use of best management practices. 
Nitrogen goes into solution readily and leaves through runoff or volatilization. 
Copper and zinc are toxic to plants. Crops vary in sensitivity to these heavy metals. 
The· revised nutrient management plans will inform farmers of concerns regarding 
heavy metal loading. Irrigation plans will be a required component of a· waste 
utilization plan. For five years, operators will be required to maintain records 
indicating the date and amount of waste applied to crops. Soils where waste is 
applied must be tested every two years. Agronomic rates will be based on realistic 
yield expectations rather than maximum yields used previously. Agronomic rates for 
grasslands are based upon an assumption of a fifty percent N reduction, whereas the 
previous assumption was for a twenty-five percent N reduction. The direct result of 
these revisions is that more land will be needed on which to land apply animal waste. 
The revised NRCS technical standards become effective March 1, 1996. 

During the afternoon session, Dick Gallo, speaking in his capacity as Chair of the 
Commission subcommittee established in Statesville at the December 14, 1995 
Commission meeting, gave the subcommittee's report. That subcommittee was 
charged to consider the current slow pace of certification of animal waste 
management systems under the .0200 rules. The Commission took up each 
recommendation in turn for discussion and voted on whether to adopt the 
recommendation. 

Members of the public made remarks from the floor. 

March 6, 1996 

Sen. Albertson, Chair of Subcommittee I, reported progress by that group on the two 
issues remaining before it. The subcommittee had met on three occasions to review 
GIS maps of portions of certain counties for the purpose of determining the impact of 
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the siting limitations enacted by the 1995 General Assembly under Senate Bill 1080. 
On the first two occasions, sufficient gaps in the data existed to make any judgments 
on the potential impact of Senate Bill 1080 inconclusive. Sufficient data was 
available for only Pitt County and, on the third occasion, the subcommittee studied 
maps for Pitt County. Tim Johnson, Technical Services Manager, and Jeff Brown, 
Project Developer, both with the Center for Geographic information and Analysis, 
Office of the Governor, brought these maps of Pitt County to the full Commission. 
The first sets of maps showed all of Pitt County, and the second showed a 
southeastern portion of Pitt County. Areas restricted for siting new swine farms 
pursuant to the siting limitations contained in enacted Senate Bill 1080 ( Chapter 420 
of the 1995 Session La~s) were shaded. Property boundaries were shown as well. 
The subcommittee concluded that Senate Bill 1080 substantially limited the siting of 
new swine farms and, accordingly, operated as a statewide zoning law. The 
subcommittee's recommendations to not broaden the authority of counties to adopt 
ordinances that affect swine operations and to rewrite Senate Bill 1080 to clarify 
ambiguous language and add an enforcement provision were adopted by the 
Commission. A working group to consist of representatives for the Farm Bureau, 
DEHNR, NCDA, the Attorney General's Office, and an environmental group was 
appointed the task of working with Commission staff and providing a draft rewrite of 
Senate Bill 1080. 

The Commission broke into its Subcommittees I - IV, which met to review a 
compilation of the tentative recommendations of the Commission and to consider any 
issues before them. The Commission reconvened after lunch to receive further 
reports from the subcommittees. Robert Ivey's Subcommittee IV presented its 
recommendations on their issues remaining before it. As to the issue of applicator 
training, the subcommittee recommended placing a 16-hour cap on the required 
training class. Current law (G.S. 143-215.74E) enacted by the 1995 General 
Assembly, Chapter 544 of the 1995 Session Laws, requires a person who performs the 
land application of animal waste from swine production to be certified and, in order 
to be certi{ied, that person must have a six-hour training program and pass an 
examination: Ron Ferrell, DEM, DEHNR, explained that a training manual had 
been developed since August 1995, following the enactment of Senate Bill 974 of the 
1995 Session (enacted as Chapter 544 of the 1995 Session Laws), the legislation 
requiring swine waste applications to be certified. The training manual was 
developed with input from NRCS, N. C. State Cooperative Extension Service, the 
Farm Bureau, the New River Foundation, the North Carolina Pork Producers' 
Association, and others. It is a good and thorough manual. Applicators must be able 
to perform certain mathematical calculations to complete the training and pass the 
examination. In order to protect water quality, it is critical that the land application 
of waste is performed correctly. Sen. Albertson pointed out that farmers who apply 
their own pesticides are only required to take a three-hour course or pass an 
examination, not both. After full discussion, the Commission voted to raise the 
current training cap of six hours to twelve hours. Eight hours of training is to be in 
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.the classroom; four hours is to be in the field. The Commission voted to amend the 
recommendation to add that alternate instruction and testing methods will be made 
available for those with reading or learning difficulties. The subcommittee's 
recommendation that the fees for certification be $75.00 for the examination and 
certification and $30.00 for an annual renewal fee failed. The other 
recommendations of the subcommittee were approved, including the 
recommendations that the costs of the inspection and enforcement program be borne 
by the State and that responsibility for violations of environmental statutes and rules 
should remain with the permittee. 

Members of the public made remarks from the floor. 

April 10. 1996 

Dr. Carl brought up the issue of public notice for reconsideration for the 
Commission. Dr. Carl stated that the previous vote by the Commission against 
requiring operators to give public notice of a new operation was addressed as a 
requirement for a public hearing. The Commission discussed providing notice by 
publishing notice in a newspaper of general circulation. After voting against a notice 
requirement in concept, Dr. Carl appointed a subcommittee consisting of 
Representative John Brown (Chairman), Jeff Turner, Cleveland Simpson, and David 
Harris to discuss a notice requirement. 

The Commission considered for the first time the issue of insect control and voted to 
include in the final report a requirement to establish odor control best management 
practices which would be a mandatory component of an animal waste management 
plan. 

The Commission turned its attention to a thorough review of the draft and final 
report to the General Assembly, proceeding page by page. The Commission directed 
the rewrite of the introduction to the report gmd voted to modify several 
recommendations as they appeared in the draft report': 

The Cochairmen directed the Division of Environmental Management, DEHNR, to 
present the Commission with its proposals in writing Jor a general permit system for 
animal operations, one general permit for each species of animals: swine, dairy, cattle, 
and poultry. 

The Commission received comments from the public. ,· 

April 24, 1996 

Dick Gallo, Commission member and State Director, NRCS, updated the 
Commission regarding the revision of the NRCS technical standards related to 
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animal waste. After receiving comments, the group working on revising the standards 
made a number of changes to the revisions. The next stop in the process is to submit 
the revised NRCS standards to the Soil and Water Conservation Commission for 
adoption. If the Soil and Water Conservation Commission takes no action, the 
standards are adopted automatically. The effective date for the revised standards was 
changed from March 1 to June 1, 1996. 

The Commission broke into subcommittees so that the subcommittees could address 
any outstanding issues and later reconvened with subcommittee reports. The newest 
subcommittee consisting of Representative Brown (Chair), Jeff Turner, Cleveland 
Simpson, and David Harris returned with a motion regarding public notice to post a 
sign at the property on which an animal operation is proposed, stating pertinent 
information whereby the public could submit written comments to DEHNR. After 
full discussion and amendments to the motion the Commission voted to adopt the 
motion. 

Senator Albertson's subcommittee and Dr. Barker's subcommittee jointly 
recommended a rewriting of the Commission's Recommendation B-6 in the draft 
report on waste utilization plan and record keeping. The commission adopted 
alternate language, which states the recommended requirements for waste and soils 
testing with fuller, more accurate scientific language. 

After lunch, the Commission reconsidered its motion regarding public notice and 
passed a motion in lieu of that motion. The Commission adopted a form of notice 
whereby the person intending to site a new swine farm or to expand an animal waste 
management system beyond its design capacity is required to attempt to notify all 
adjoining property owners by certified mail at the address for the adjoining property 
owner on file at the property tax office. The motion specified the contents of the 
notice, including information that the adjoining property owners may submit written 
comments to DEM. Adjoining property owners will not be able to block the siting of 
an operation that complies with all applicable laws and rules; however, the adjoining 
property owners may inform DEM of information that indicates the proposed 
operation fails to comply with an applicable law or rule. The Commission seemed in 
accord on wanting to establish a dialogue between operators and neighbors and to 
remove the possibility of neighbors being caught unaware that a hog farm was coming 
next door or substantially increasing its size. 

The Commission turned its attention to reviewing and revising three proposed types 
of general permits for animal waste management systems prepared by DEM: one for 
swine, one for dairy cattle, and one for poultry. Then the Commission considered 
and adopted additional language submitted by David Harris regarding 
recommendation C-4 in the draft report regarding annual inspections of animal waste 
management systems by DEM. Noting the success of cooperative efforts of staff from 
various agencies in the Sedimentation Control Program in DEHNR, the Commission 
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~onsidered a similar approach with respect to monitoring and reviewing animal waste 
management systems. David Harris stated it was his intent to spread the work among 
the agencies, all of whom have trained, qualified staff to do the work so that the work 
gets done. Dr. Barker and Mr. Gallo urged the Commission to preserve the nature of 
the relationship between Cooperative Extension agents and NRCS staff with farmers. 
After modifying the language to the satisfaction of Dr. Barker and Mr. Gallo, the new 
language was adopted. 

The Commission discussed imposing fees on the operators for the cost of an 
inspection and enforcement program for animal waste management systems. _Unable 
to ascertain the projected cost of such a program from DEHNR, the Commission 
delayed discussion on this subject. 

The Commission sought comments from members of the public. 

May 1, 1996 

Senator Albertson's subcommittee gave its final report on the rewriting of Senate 
Bill 1080, the Swine Farm Siting Act, and submitted a draft bill to be included in the 
Commission's final report as part of an omnibus legislative proposal. The 
Commission adopted the draft bill, then turned its attention to the last issue 
outstanding before the Commission: What level of funding is needed for permitting, 
inspections, and enforcement programs within DEM and how to fund these programs, 
through the General Fund or by imposing fees upon producers or a combination of 
the two. DEHNR provided the members of the Commission with a chart indicating 
the Department's proposal on funding. Steve Tedder, Chief, Water Quality Section, 
DEM, DEHNR, reviewed these figures and responded to questions. According to Mr. 
Tedder, the cost of permitting inspections, compliance inspections, and enforcement 
activities is one million one hundred eighty-three thousand twenty-three dollars 
($1,183,023) for the 1996-97 fiscal year. This would provide for 18 new staff 
positions. The cost of permit application analysis, compliance and enforcement 
activities, and training, certification, and technical assistance is six hundred thirty
three thousand one hundred fourteen dollars ($633,114) for the 1996-97 fiscal year. 
This total includes funding for 10 new staff positions. The total for both the 
permitting program and the inspection and enforcement program is one million eight 
hundred sixteen thousand one hundred thirty-seven dollars ($1,816,137) for 28 other 
positions. DEHNR proposed imposing fees to raise at least thirty percent (30%) of 
the total costs to DEHNR of the water quality programs with the balance to come 
from appropriations from the General Fund. Under G.S. 143-215.3, water quality 
programs are funded in this way. EMC develops a fee schedule, which goes through 
the rule-making process. These figures do not take inspections of dry poultry litter 
operations, as recommended by the Commission, into account. Dr. Cook reminded 
the Commission that DEM had received funding for the 1995-96 fiscal year for eight 
new positions. Mr. Tedder stated that before last session, DEM had had no 
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